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Executive Summary 1 
 2 
This report summarizes the results from a 3-year study commissioned by Illinois-American Water 3 
Company (ILAWC) directing the Illinois State Water Survey (ISWS) and Illinois State Geological Survey 4 
(ISGS) to study the geology and hydrogeology beneath northern Champaign County and adjacent areas. 5 
Specifically, this report describes the methods used by the ISGS to collect newly-acquired data and compile 6 
existing data, and the processes used to analyze and interpret these data. The geological, geophysical, and 7 
hydrogeological data available was the basis for developing the conceptual and digital geologic models. 8 
Also, a summary is provided that describes how the data was used to construct a 3-D geologic model of the 9 
project area. Hydrogeological implications of the modeling are also described.  10 
 11 
The project focused on a 27-township area in northern Champaign County and adjacent Ford, McLean, 12 
Piatt and Vermilion Counties. This area includes an 18-township area and 9-township area that were 13 
delineated as separate areas of study by ILAWC, the ISGS, and ISWS. A conceptual model of the project 14 
area was developed based on a thorough review of the literature, and the knowledge and insight of ISGS 15 
geologists. For this project, records on existing wells and borings archived at the ISGS and ISWS were used 16 
to construct a regional project database containing data from the 15 counties in central Illinois over the 17 
Mahomet and Sankoty aquifers. This regional project database holds over 40,237records. A local project 18 
database (containing 1878 records within the 27-township project area) was created, and the basis for the 19 
3-D geologic model described in the report. 20 
 21 
Continuous cores were collected from 29 boreholes drilled specifically for this project. Each 22 
borehole extended into the bedrock. In 17 of these boreholes, bedrock core was also collected. At all, but 23 
one, borehole site, one to three groundwater observation wells were installed. Samples of cuttings were 24 
collected from another 8 boreholes drilled during the project period. Over 100 borehole geophysical logs 25 
from the ISGS archives were added to the project database, and borehole geophysical logs were collected 26 
at each borehole drilled for the project. Logs of natural gamma radiation were the primary type of 27 
geophysical information collected for the project, though other borehole data (e.g., vertical seismic velocity 28 
and single point resistance) were collected. Surface seismic data was collected along fourteen lines of 29 
survey covering 30 linear miles. On twelve of the fourteen transect lines P-wave seismic surveys were 30 
conducted, and S-wave seismic surveys on the other two lines. Earth Electrical Resistivity data was 31 
collected along thirteen lines of survey covering 11.5 linear miles.  32 
 33 
This report explains how the conceptual geologic model, core descriptions, other borehole data and 34 
surface geophysics were used to identify and assign geologic mapping units in the project area. Methods 35 
used to create the top surfaces of geologic mapping units are also described. Results are included from the 36 
analyses of isotopic geochemistry of twenty groundwater samples collected for the project. In addition, a 37 
qualitative analysis of the uncertainty inherent in the model is included, along with an assessment evaluating 38 
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the degree to which the borehole data describes the variability in character and extent of the sediments of 1 
each geologic mapping unit. The 3-D geologic model described in this report was used by the ISWS in the 2 
developing the groundwater flow model. Results from the groundwater flow modeling are published in 3 
ISWS Contract Report 2011-08 “Meeting East-Central Illinois Water Needs to 2050: Potential Impacts on 4 
the Mahomet Aquifer and Surface Reservoirs”. A preliminary map of the surficial geology of the project 5 
area was complied. The map was used by ISWS to locate potential areas for recharge of the aquifers by 6 
surface water. The geology of the area around the Village of Tolono is described. This information was 7 
included in the ISWS Miscellaneous Publication 196 “Arsenic in Groundwater in the Tolono Region”. 8 
Results of a detailed mapping of glacial sediments exposed in outcrop along the Middle Fork River using 9 
terrestrial Light Detection and Ranging (LiDAR) method.  10 
 11 
Among some of the findings from this report is additional information on the bedrock geology of 12 
the project area that will be used in the future to update the Bedrock Geology Map of Illinois. This new 13 
information indicates bedrock previously mapped as Mississippian-age or older in the project area is 14 
Pennsylvanian-age. The bedrock is in erosional contact with overlying unconsolidated glacial and 15 
nonglacial sediments. New geological and geophysical information allowed geologic modeling to produce 16 
a more detailed surface of the bedrock topography. The chronology of events during the Quaternary Period 17 
was revised. The dating of deposits of sand and gravel (Mahomet Sand Member) in the Mahomet Bedrock 18 
Valley (MBV), suggest that ice during one of earliest glaciations in Illinois advanced into the project area 19 
~1 million years ago. The report includes a plate depicting five cross sections derived from the 3-D geologic 20 
model.  21 
 22 
The depositional history of deposits of sand and gravel filling the MBV is more complex than 23 
previous reported. These sediments were deposited by meltwater during several events, possibly draining 24 
catastrophically and associated with the major glacial advances during the Quaternary Period. The 25 
Mahomet aquifer is comprised of multiple deposits of sand and gravel spanning several geologic time 26 
periods. The lowermost deposits of sand and gravel assigned to the Mahomet Sand Member formed during 27 
the pre-Illinois Episode are differentiated into at least two separate units, which in some places are stratified 28 
with massive, loam-textured diamicton that locally could be an aquitard. A second deposit of sand and 29 
gravel lies over the MBV, in some places directly on the Mahomet Sand Member, and is interpreted to have 30 
been formed during the Illinois Episode and assigned to an Unnamed tongue of the Pearl Formation. 31 
Previously, in some places the deposits assigned to the Pearl Formation were reported to have been formed 32 
during the pre-Illinois Episode. 33 
The diamicton (till) assigned to the Vandalia Member of the Glasford Formation, a recognized 34 
aquitard unit in central Illinois, was found to be highly variable in its thickness in the project area. In some 35 
places over the MBV, this diamicton was completely eroded or is very thin. Incision by water or ice 36 
occurred after this till was deposited. A stratified sequence of fine- and coarse-grained sediment was inset 37 
into Vandalia Member till and older deposits. The presence of coarse-grained sediment could have a 38 
significant control on groundwater flow into the underlying aquifers. These sediments have different 39 
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physical and lithologic properties compared to the surrounding sediments. Deposits containing layers of 1 
diamicton, sand and gravel, and silt and clay from the latter part of the deglacial phase of the Illinois Episode 2 
glaciation form a continuous cover across the project area over older sediments assigned to the Glasford 3 
Formation. Incision into these deposits by glacial meltwaters occurred later in the deglacial phase. The 4 
deposits of sand and gravel infilling these incised channels may compose local aquifers that may or may 5 
not be connected to aquifers lying above and below.  6 
 7 
  8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
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Chapter 1 1 
Geological Mapping and Geophysical Exploration in Champaign County and 2 
Adjacent Areas 3 
William S. Dey and Andrew J. Stumpf 4 
 5 
The Mahomet aquifer and overlying aquifers are vital sources of water to communities, industries, and rural 6 
residents of east-central Illinois. In this region, over 90% of the population is reliant on groundwater or 7 
served by reservoirs that are partially supplied by groundwater. These aquifers, for example, have been 8 
estimated to provide over 80 million gallons of water per day (mgd) to nearly 200 community supplies 9 
located across 15 counties (WHPA 2008). Over 100 mgd is pumped from the Mahomet aquifer for irrigation 10 
supplies in Mason and Tazewell Counties alone. Expected population increases over the next 40 years 11 
(potentially a 30 percent increase) will further stress the region’s available water resources (WHPA 2008). 12 
Climate change and increased withdrawls of groundwater for irrigation/agriculture and 13 
commercial/industrial uses could have additional adverse impacts. 14 
 15 
Efforts to understand the geology and pattern of groundwater flow in the Mahomet and overlying aquifers 16 
have been a focus of many past and ongoing studies by the Illinois State Water Survey (ISWS) and Illinois 17 
State Geological Survey (ISGS). These studies, primarily centered over the western part of the aquifer, have 18 
provided new information that has shaped current water supply planning in part of the region.   19 
 20 
 21 
PURPOSE AND SCOPE 22 
Given the need to improve our understanding about the available groundwater resources in Champaign 23 
County and adjacent areas, and flow of groundwater within the Mahomet aquifer and other aquifers in the 24 
region, the Illinois-American Water Company (ILAWC) contracted the ISGS to complete a comprehensive 25 
study of the geological, hydrogeological, and geophysical characterisitcs of sediments comprising these 26 
aquifer units and provide a geostatistical analysis of the geological mapping, with results presented to the 27 
public in an unbiased environment. Specifically, this project improves the understanding of the geology 28 
and the available water resources of Champaign County and adjacent areas. To meet these objectives, the 29 
ISGS created a three-dimensional representation of unconsolidated sediment present from the land surface 30 
to the top of bedrock to visualize their spatial distributions. The results of this project will provide a common 31 
source of geological, hydrogeological, and geophysical information that will serve as a basis for resolving 32 
potential conflicts over the withdrawl of groundwater, and for creating future development strategies. 33 
 34 
PROJECT AREA 35 
This research was focussed essentially within a 27-township area (areas shaded in green and purple in fig. 36 
1-1), including parts of Champaign County and adjacent Ford, De Witt, Iroquois, McLean, Piatt, and 37 
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Vermilion Counties. The 18-township area was proposed for the new project and builds upon a recent  1 
groundwater investigation by the ISGS and ISWS in a 9-township area located in western Champaign and 2 
eastern Piatt Counties. Additional field work was conducted around the periphery of the project area to 3 
better characterize and understand the geological and hydrogeological relationships within the project area. 4 
In the end, the project area was expanded to include 30-townships (fig. 1-2) in order to include a buffer 5 
zone for the 3-D geologic model, which allowed the data to be interpolated to the 27-township boundary.  6 
 7 
The project area lies in within a 15-county region (fig. 1-3), a priority water supply planning area in east–8 
central Illinois. For the communities in the area, the cities of Champaign, Gibson City, and Monticello, and 9 
Paxton and villages of Bellflower, Fisher, Gifford, Mahomet, Rantoul, and Tolono (figs. 1-1 and 1-2) 10 
groundwater is the primary public water source for residential, commercial and industrial customers.The 11 
project area is centered over the MBV, which is buried by 250–430 feet of glacial and nonglacial sediments 12 
(fig. 1-4). In the project area, the Mahomet aquifer generally is found below the  500-foot contour line on 13 
the bedrock topographic map (figs. 1-1). 14 
 15 
 16 
COMPLETED TASKS 17 
The focus of this research contained in this report was to characterize the unconsolidated glacial and 18 
nonglacial sediments that overlie bedrock in the project area. Geological mapping and geophysical profiling 19 
were undertaken to collect detailed information about the subsurface in order to improve our understanding 20 
of the geology characterization and expand the network of water-level monitoring wells in Champaign 21 
County and adjacent areas. A total of 125 boreholes with continuous core, samples from the drilling 22 
operation, borehole geophysical logs, or groundwater monitoring wells were used as “golden spikes” or 23 
primary reference boreholes for the geological mapping (table 1-1; fig. 1-5). Of these boreholes, 59 of them 24 
were drilled specifically for this project. The subsurface data were used to construct maps of the geology, 25 
which locally affect groundwater flow and recharge to the Mahomet aquifer.  26 
 27 
This data collected for this project, and existing geological, geophysical, and hydrogeological information 28 
maintained by the ISGS and ISWS were used to construct a 3-D geologic model for the project area. Grids 29 
developed from the structure contours of each mapping unit were the basis for a groundwater flow model 30 
developed by the ISWS. A qualitative analysis of the geologic model was completed to evaluate the degree 31 
to which the borehole data describes the variability in character and extent of the deposits of each mapping 32 
unit. 33 
 34 
 35 
FINAL DELIVERABLES 36 
The main products for this project include extent and thickness maps of each geologic mapping unit 37 
(including several deposits of sand and gravel that compose the Mahomet aquifer), a 3-D geologic model, 38 
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observation wells built in wells nests to observe vertical changes in hydraulic head and as individual wells, 1 
a final report that describes the geological mapping and geophysical methods, the geophysical data, 2 
descriptions of the glacial and nonglacial sediments, and bedrock encountered during drilling, and geologic 3 
cross sections. Hydrogeological implications of the modeling are also described. Derivative map products, 4 
including the isotopic compositions of groundwater, a report containing the results of a qualitative analysis 5 
of the 3-D geologic model, reviews of the bedrock geology and surficial geology, application of geological 6 
mapping in a study of groundwater contamination, and procedure for mapping subsurface deposits using 7 
remote sensing technologies are also included in the final report. 8 
 9 
 10 
ADDITIONAL FUNDING SOURCES 11 
A multi-year grant from the ILAWC was the primary source of funding that supported this research. 12 
Additional funds from “Water Supply Planning for Illinois” program administered by the Illinois 13 
Department of Natural Resources were used to collect subsurface geological and geophysical information 14 
outside the project area, but results used to better characterize the unconsolidated sediment and understand 15 
the geological and hydrogeological relationships in the project area. Significant in-kind support was 16 
provided by the ISGS that paid the salaries of scientists conducting this research. 17 
 18 
 19 
REFERENCES 20 
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Chapter 2 1 
Quaternary Geology 2 
Andrew J. Stumpf 3 
 4 
SUMMARY 5 
During the Quaternary Period, the project area located in east-central Illinois was affected by multiple 6 
glaciations that were followed by interglacial periods having climatic conditions similar to today. Each 7 
glaciation included multiple glacial advances and retreats, depositional and erosional events that continually 8 
reshaped the landscape. The major glacial advances left behind multiple stacked sequences of till, and 9 
coarse- and fine-grained glacial meltwater sediments that completely fill the bedrock valleys and form the 10 
modern landscape. The coarse-grained sediment, deposits of sand and gravel, compose the aquifers that are 11 
utilized as a primary water source for residents in the project area. 12 
 13 
The glacial advances were often followed by fluvial drainage events when meltwater incised drainageways 14 
into the older deposits creating complex “cut-and-fill” stratigraphies. Some of these events that occurred 15 
during the pre-Illinois and Illinois Episodes were erosive enough to completely remove deposits of the 16 
previous glacial and interglacial periods over much of the Mahomet Bedrock Valley (MBV) and adjacent 17 
areas. In much of the project area, older tills of the pre-Illinois Episode are not preserved over MBV, but 18 
were encountered on adjacent uplands and in tributary bedrock valleys. At some time during the Illinois 19 
Episode, the MBV and its tributary valleys were completely filled by sediment upon which deposits 20 
younger deposits of the Illinois and Wisconsin Episodes were laid down. The morainal features that 21 
dominant the modern landscape were formed during the last glaciation (Wisconsin Episode). 22 
 23 
 24 
INTRODUCTION 25 
Beginning about two and a half million years ago, large ice masses (continental ice sheets) began to move 26 
from areas of snow accumulation centered in northern Canada southward into the project area (figs. 2-1). 27 
The deposits of sediment left behind by the glaciers above the bedrock surface record at least three major 28 
periods of glaciation (fig. 2-2). The extent of glaciers during the older (pre-Illinois and Illinois Episodes) 29 
glaciations was generally the most widespread and their margins reached further south into Illinois than 30 
glaciers during the last (Wisconsin Episode) glaciation. 31 
 32 
Glaciers significantly modified the topography of the preglacial bedrock surface, initially, by deepening the 33 
existing bedrock valleys through erosion, and subsequently by filling valleys and low-lying areas with 34 
deposits of glacial sediment. Meltwater streams and rivers draining the earliest, pre-Illinois Episode glaciers 35 
filled most of the deeper valleys with deposits of coarse-grained sediment consisting of varying amounts of 36 
sand and gravel. Locally in these valleys, deposits of silt and clay were laid down where meltwater was 37 
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blocked behind ice and sediment dams. Till was deposited on the land surface by glaciers flowing across 1 
project area. 2 
Generally, there is less information available for the older Illinois and pre-Illinois deposits to characterize 3 
them and to interpret their history. These deposits are, (1) discontinuously preserved; (2) deeply buried; and 4 
(3) commonly weathered that often precludes access to them or study of their original composition. The 5 
quantity of information is limited because not all of the boreholes drilled in the project area penetrate 6 
entirely through these deposits. Nonetheless, the geological framework developed from this information 7 
provides a context for characterizing and interpreting the hydrogeology of the project area. 8 
 9 
Because of deep burial and compaction by overriding glaciers, finer-grained sediments such as diamicton 10 
(till), glacial lake sediment (silt and clay), and diamicton and silt and clay deposited during interglacial 11 
periods of the Illinois and pre-Illinois Episodes are typically more compacted and visually appear to contain 12 
less moisture than corresponding sediments deposited during the Hudson and Wisconsin Episodes. Post-13 
depositional infiltration of carbonate-rich waters through more permeable sediment (i.e., deposits of sand 14 
and gravel) locally has caused cementation of these sediments. 15 
 16 
 17 
GEOLOGIC CLASSIFICATION SYSTEM 18 
The current understanding of the geology in east-central Illinois and the processes by which it formed come 19 
from knowledge gained in this project and the wealth of information contained in previously published 20 
geological, hydrogeological and geophysical reports, maps, and databases (e.g., Roadcap and Wilson 2001; 21 
Pugin et al. 2004a; Burch 2008; Hackley et al. 2010; and the references shown in table 2-1). In previous 22 
investigations, different systems were used to classify the sediments comprising aquifer and non-aquifer 23 
units (table 2-1). The systems employed were primarily dependent upon the geological and hydrogeological 24 
information available and the overall objectives of the project.   25 
 26 
For this project, the assignment of geologic mapping units was based primarily on new information from 27 
the descriptive logs of continuous core, borehole geophysical logs from boreholes, descriptions of sediment 28 
samples collecting during the drilling operation, and stratigraphic interpretations in previously published 29 
and unpublished reports. Geologic mapping units were defined for this project based on a conceptual 30 
geological framework for the project area and stratigraphic interpretations made in previous studies. The 31 
sediments and bedrock encountered in the project area were assigned to the geologic mapping units based 32 
on the professional judgment of geologists working on the project. 33 
 34 
The glacial and nonglacial sediments lying above bedrock are assigned to eight geologic mapping units and 35 
their associated subunits for the 3-D geologic model and geologic cross sections (tables 2-1 and figure 2-36 
3). The coding used in the mapping assignment was developed to take into account differences in age, 37 
texture, and lithology. Each geologic mapping unit and their subunits are referenced with a unique 38 
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alphanumeric code. The first character was assigned in numeric order (from lowest to highest) to represent 1 
the average texture from fine to coarse. For example, (2) represents sediments with a silty or silty clay 2 
texture, (4) deposits containing a mixture of silt, sand, clay and gravel, (5) loamy diamicton, (6) deposits 3 
containing layers of diamicton, sand and gravel or silt and clay, (7) deposits primarily composed of sand, 4 
and (8) deposits containing variable amounts of sand and gravel. The following two or three characters 5 
represents the relative age of the sediment: WI – Wisconsin Episode, IL – Illinois Episode, and PIL – pre-6 
Illinois Episode. The last character denotes the order in which the same lithology of each mapping unit 7 
occur in the stratigraphic column. For example, three different diamictons identified from the Wisconsin 8 
Episode are assigned to subunits 5WI1, 5WI2, and 5WI3, respectively. The youngest diamicton (subunit 9 
5WI1) overlies the next oldest diamicton (subunit 5WI2), and the latter overlies diamicton of subunit 5WI3 10 
(figs. 2-3 and 2-4). The bedrock was assigned (11) with subunit 11R; figs. 2-3 and 2-4), and includes various 11 
lithologies (e.g., shale, siltstone, limestone) that range in age from the Pennsylvanian to Silurian. 12 
 13 
The geologic mapping units used in the construction of the 3-D geologic model were for the most part an 14 
amalgamation of the subunits identified in the geological mapping. These generalizations were made after 15 
consultation with scientists from the ISWS working on the project. For many of the geologic mapping units, 16 
the subunits were combined so that the geological information could be directly inputted into the 17 
groundwater flow model. The groundwater flow model for the area over the MBV seven layers, and 18 
therefore not all the subunits could be imported directly. Therefore, geologists at the ISGS decided to 19 
combine the subunits into corresponding geologic mapping units that correlate as much as possible to the 20 
aquifer and aquitards units in the groundwater flow model. 21 
 22 
The geologic classification system used in this project is based, in part, on the lithostratigraphic 23 
classification systems for Quaternary deposits in Illinois and Indiana (Willman and Frye 1970; Willman et 24 
al. 1975; Bleuer 1991; Hansel and Johnson 1996). In these systems, the lithostratigraphic units that are 25 
classified by their lithology (sediment type or rock type), stratigraphic position, and characteristic physical 26 
properties (such as particle-size distribution, color, and consistency) are readily observed in the field at the 27 
land surface. The lithostratigraphic units are of sufficient thickness and areal extent to justify showing them 28 
on geologic maps and cross sections. An attempt was made to correlate the glacial and nonglacial sediments 29 
encountered in subsurface to lithostratigraphic units. The subunits of geologic mapping unit 5WI, 8WI, 30 
subunits of 5IL, and subunits 5PIL1, 5PIL2, and 5PIL3 of geologic mapping unit 5PIL (fig. 2-3) correlate 31 
with lithostratigraphic units defined by Willman and Frye (1970), Willman et al. (1975), and Hansel and 32 
Johnson (1996). 33 
 34 
But not all the sediments encountered in the subsurface could be correlated to the predefined 35 
lithostratigraphic units, and therefore it was necessary to reclassify several of the units or introduce new 36 
“informal” lithostratigraphic units. Deposits of organic-rich silt, fine sand, clay or diamicton with a dark 37 
brown color encountered in this project that were and correlated to the Lierle Clay of Willman and Frye 38 
(1970) in previous projects were assigned to either subunit 2IL of geologic mapping unit 5IL or a new 39 
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lithostratigraphic unit, subunit 4PIL1 of mapping unit 8PIL (fig. 2-3). The geologic mapping unit to which 1 
these deposits were assigned depended on the age of the sediments encountered below them. The deposits 2 
of fine sand, silt, and clay that overlie deposits of sand and gravel assigned to geologic mapping unit 8IL 3 
or diamictons of subunits 5PIL1 or 5PIL2 in the MBV and on the adjacent uplands were assigned to subunit 4 
2IL of geologic mapping unit 5IL. Whereas, silt, sand, and clay encountered primarily in the MBV 5 
overlying diamicton (subunit 5PIL4) or sand and gravel (subunit 8PIL1) of geologic mapping unit 8PIL 6 
were assigned to subunit 4PIL1 of geologic mapping 8PIL. Deposits previously correlated to the Pearl 7 
Formation, Berry Clay, Toulon Member, and Radnor Member lithostratigraphic units of Willman and Frye 8 
(1970) were assigned to geologic mapping unit 6IL. This new geologic mapping unit was defined to 9 
represent the complex stratigraphy of the Illinois Episode glaciation that contained interstratified deposits 10 
of diamicton, sand and gravel, and silt and clay. These sediments vary in lithology and physical properties 11 
both spatially and in vertical profile. The project geologists determined these previously mapped 12 
lithostratigraphic units could not be differentiated at this scale of mapping.  13 
 14 
Sufficient information about the subsurface geology was obtained in this project to subdivide the deposits 15 
of sand and gravel encountered over the MBV described by Kempton and Visocky (1992) and Kempton 16 
and Herzog (1996), and referred to as the “Mahomet aquifer” into separate geologic mapping units. The 17 
lowermost deposits of sand and gravel in the MBV that were assigned by Horberg (1950) to the Mahomet 18 
Sand Member (geologic mapping unit 8PIL in this report) and mapped as a single unit (e.g., Larson et al. 19 
2003) can be subdivided to two separate subunits, 8PIL and 8PIL2; fig. 2-3). In much of the MBV subunit 20 
8PIL1 directly overlies 8PIL2, but locally a diamicton with a pinkish gray to gray color is found between 21 
them. This diamicton has a physical character and mineralogy similar to diamicton (till) assigned to the 22 
West Lebanon Member in west-central Indiana by Bleuer (1991) (see discussion below). The West Lebanon 23 
Member till has not previously been mapped in Illinois, but Kempton et al. (1991) describes a red till or 24 
clay near the bottom of the MBV that could be equivalent. In the project area, this diamicton has been 25 
assigned to geologic mapping unit 8PIL, subunit 5PIL4 (figure 2-4). 26 
 27 
A third geologic mapping unit can be differentiated in the project area for deposits of sand and gravel that 28 
comprise the Mahomet aquifer. In this project, these deposits are correlated to the basal unit of the Illinois 29 
Episode stratigraphy to the Pearl Formation of Willman and Frye (1970), and assigned to geologic mapping 30 
unit 8IL. Previously these deposits were mapped to units of the lower part of the Glasford Formation or 31 
upper part of the Banner Formation (e.g., Wilson et al. 1998; Soller et al. 1999). The classification of these 32 
deposits follows closely to the lithostratigraphic framework for the Middle Illinois Bedrock Valley 33 
proposed by McKay et al (2008). These deposits in the project area are inferred to be continuous with 34 
deposits assigned to the Pearl Formation beyond the glacial margin in western Illinois by Willman and Frye 35 
(1970), and in east-central Illinois are mapped as a tongue of sediment that interfingers with diamicton (till) 36 
of the Vandalia Member of the Glasford Formation (fig. 2-4). Other deposits of sand and gravel were at 37 
encountered at various depths above the Vandalia Member till, but because of the scale of mapping for this 38 
project, additional tongues of the Pearl Formation could not be consistently differentiated. Deposits of silt, 39 
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fine sand, and clay (geologic mapping unit 5IL, subunit 2IL) interpreted to be equivalent with the Teneriffe 1 
Silt of Willman and Frye (1970) were assigned to the lithostratigraphic framework in a similar manner as 2 
the Pearl Formation (fig. 2-4). Again, the scale of mapping precluded differentiating tongues of the 3 
Teneriffe Silt lying above the Vandalia Member till. 4 
 5 
Several new “informal” lithostratigraphic units were introduced for the Banner Formation to account for 6 
the complexities of the subsurface geology. Deposits of silt and clay formed during glacial advances when 7 
the diamictons (tills) of the Hillery and Harmattan Members were deposited are assigned to unnamed units 8 
1 and 2 (geologic mapping units 5PIL, subunits 2PIL1 and 2PIL2) (fig. 2-4). The unnamed unit 3 (geologic 9 
mapping unit 8PIL, subunit 4PIL1) was introduced to represent deposits of organic-rich silt, sand, and 10 
diamicton that overlies either the Mahomet Sand Member (geologic mapping unit 8PIL, subunit 8PIL1) or 11 
the West Lebanon Member till (geologic mapping unit 5PIL, subunit 5PIL4) (fig. 2-4). Unnamed unit 4 12 
(geologic mapping unit 11, subunit 4PIL2) includes deposits of diamicton, silt and clay, or sand and gravel 13 
that directly overlie the bedrock. We infer that these deposits were formed during preglacial times (see 14 
below). The unit may also include residuum or fractured bedrock.  15 
 16 
 17 
QUATERNARY DEPOSITS 18 
The overall topography of the bedrock surface in the project area upon which the Quaternary sediments 19 
was deposited has been shaped over millions of years by erosion primarily by water, but in some areas by 20 
glacial ice (Horberg 1950; Piskin and Bergstrom 1975). Prior to the buildup of ice sheets in Canada and the 21 
glacial advances into Illinois, the land surface was rugged, marked by steep hills, abrupt bluffs, and deep 22 
valleys. Each glacial advance diverted the surface drainage, filled river and stream valleys with sand and 23 
gravel, and deposited thick layers of clay, silt, sand, and gravel on the paleo land surfaces. The composition 24 
and structure of the bedrock also strongly influenced the patterns of erosion and dynamics of glacier flow 25 
(Horberg and Anderson 1956). Soft bedrock, such as shale and siltstone, was more easily eroded and tended 26 
to form valleys, whereas more resistant rocks such as sandstone, limestone, and dolomite tended to erode 27 
or weather at a slower rate and subsequently compose the hills and knobs found on the bedrock surface.  28 
 29 
The most prominent features on the bedrock surface in the project area are several deeply incised valleys 30 
(fig. 2-5), which comprised part of a large river system (the Teays-Mahomet River) that drained areas of 31 
the Appalachian Mountains westward to the Ancient Mississippi River in west-central Illinois (Tight 1903; 32 
Fidlar, 1943; Horberg 1945; Ver Steeg 1946; Coffey 1961; Gray 1991). Today, remnants of this river 33 
system include portions of the modern Ohio River, elevated abandoned channels in southeastern Ohio and 34 
West Virginia, and a system of buried bedrock valleys that extend from central Ohio to west-central Illinois 35 
(Melhorn and Kempton 1991). In Illinois, the MBV and its tributary valleys are as much as 300 feet deep 36 
and filled with deposits of sand and gravel, diamicton, and silt and clay. In the project area, the deepest 37 
channel in the MBV runs westward across southern Iroquois and Ford Counties and turns to southwest 38 
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through northwest Champaign and central Piatt Counties (fig. 2-5). Kempton et al. (1991) and Bleuer (1991) 1 
have speculated that during the earliest glaciation ice lobes disrupted the regional drainage patterns causing 2 
large glacial lakes to be ponded in Indiana that eventually drained westward eroding a channel across a low 3 
bedrock divide near the Illinois-Indiana State Line, created a connection between the Mahomet and Teays 4 
Bedrock Valleys.  5 
 6 
Outside of these valleys, the bedrock rises steeply to the surrounding uplands, which are overlain by 7 
variably thick diamictons containing intervening deposits of sand, silt, and gravel. Locally, in east-central 8 
Illinois outside the project area, the bedrock surface on the uplands is quite shallow, within 20 feet of the 9 
land surface, and commonly the site of open-pit or underground mining operations.   10 
 11 
The controls lithology and structure impart on the drainage system developed into bedrock can easily be 12 
observed by overlaying the bedrock geology on the topography of the bedrock surface (fig. 2-6). Entering 13 
Illinois from Indiana, the MBV trends west to southwest until it encounters the Mahomet dome. Here the 14 
valley turns more southerly around a bedrock ridge or dome, exploiting the less competent shale and 15 
siltstone of the New Albany Shale and Borden Siltstone that flanks the uplifted and more resistant 16 
Devonian- and Silurian-age bedrock. These perturbations of the bedrock surface north of the Villages of 17 
Mahomet and Pesotum are referred to as Mahomet and Tuscola domes, respectively (fig. 2-6). The domes 18 
formed when Silurian- and Devonian-age limestone and dolomite was folded. They remain intact because 19 
these lithologies are more resistant to erosion than the surrounding, less competent, shale and siltstone. A 20 
northward-trending tributary of the MBV follows the western flank of Mahomet dome. In similar fashion, 21 
the Pesotum Bedrock Valley was cut into shaly bedrock along the western flank of the Tuscola dome (fig. 22 
2.6). 23 
 24 
The sediment deposited directly beneath ice during glaciations the Quaternary Period is interpreted as 25 
diamicton and commonly referred to as till (Dreimanis 1989). Diamicton is sediment containing a mixture 26 
of clay, silt, sand, and gravel occasionally with larger rock fragments, cobbles and boulders. Besides being 27 
deposited down under ice, diamicton can compose deposits formed at or near the glacier’s edge as debris-28 
rich ice melts, or at the base of slopes where sediment moves (creeps) downslope and settles out. During 29 
glacial advances or as glaciers melt and ice margins retreat back towards the centers of ice accumulation, 30 
meltwater rivers and streams deposit sand and gravel, referred to as glaciofluvial sediment (Jopling and 31 
McDonald 1975), having varying amounts of silt, sand, pebbles, cobbles, and boulders. Clay may also be 32 
present interstially or as thin layers. These meltwater sediments infill incised channels or valleys, form 33 
elevated benches (terraces), plains and relatively-flat fan-shaped landforms along active and abandoned 34 
drainage channels, and compose isolated hills and linear ridges left behind from the melting of glacial ice. 35 
Where proglacial drainage is blocked or disrupted in front of the ice margin, lakes and ponds form. 36 
Meltwater flowing from the ice margin into these water bodies deposits silt, clay, and fine sand, referred to 37 
as glaciolacustrine sediment (Ashley 1989). These sediments continue to be deposited until new drainage 38 
outlets are established. With time, the lakes and pond will completely drain. Elevated, nearly-flat plains are 39 
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left behind marking the location of these water bodies. In the project area, glaciolacustrine sediments are 1 
found at the land surface in areas where large proglacial lakes were dammed behind end moraines (see 2 
below). In the subsurface, these sediments are encountered in valleys, typically in those incised into the 3 
bedrock, and underlie till deposited during the related glacial advance or retreat. 4 
 5 
 6 
Pre-Illinois Episode (early phase) 7 
In this report, the early phase of the pre-Illinois Episode includes part of the Quaternary Period prior to the 8 
first glacial advance into Illinois.  Deposits of the earliest glaciations in the North America are exposed in 9 
western Illinois, Iowa, Missouri, Kansas and Nebraska (Hallberg 1986; Rovey and Kean 2001; Roy et al. 10 
2004; Balco and Rovey 2010) that have been dated from 1.3–2.4 million years old, but no evidence of these 11 
glaciations have been found east of the Illinois River. At this time, the unconsolidated sediments and 12 
landform assemblages found at the land surface were probably analogous to the present unglaciated terrains 13 
in Kansas and Oklahoma (J. Nelson, personal communication 2011). 14 
 15 
Over parts of the project area, both on uplands and in valleys, variably thick deposits of sand, silt, gravel, 16 
and diamicton formed on the bedrock surface during the pre-Illinois Episode (fig. 2-7 and plate 12-1). These 17 
sediments may be leached of primary carbonate minerals and generally contain lower illite clay content and 18 
return lower magnetic susceptibility measurements than the overlying glacial sediment (table 2-2). Some 19 
of the sediments contain oxidized and unoxidized angular clasts of the local bedrock, especially where 20 
overlying less competent bedrock, siltstone, claystone and shale. Other sediments on the bedrock surface 21 
are bedded or laminated and moderate to well sorted – sedimentary features produced by deposition by 22 
water or in water bodies.  23 
 24 
The sediments described above are interpreted to be deposited by several different processes. Diamicton 25 
and silt or clay that is leached and oxidized may be the product of surficial weathering active since the 26 
Pennsylvanian. Deposits composed of sediment containing a significant proportion of the local bedrock 27 
could have been deposited by water that carried weathered bedrock downstream (alluvium), or as slopewash 28 
material (colluvium) that moved downslope. The alluvial deposits composed of sand and gravel are 29 
encountered typically in the deepest channels along bedrock valleys (fig. 2-7) and locally contain fragments 30 
of wood or other plant material and mollusk (mussel) and gastropod shells. In all these deposits, there is a 31 
paucity of “exotic” or far-travelled clasts (erratics) of bedrock (e.g., granite, schist and gabbro, and andesite) 32 
that would have been transported by glaciers from bedrock sources on the Canadian Shield. This lithologic 33 
composition suggests much of the sediment has a bedrock source located upstream or upslope. The few 34 
erratics identified in some deposits of sand and gravel could have been eroded from glacial sediment outside 35 
the project area and transported by water and slope processes downstream. 36 
 37 
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Preliminary analyses by the terrestrial cosmogenic nuclide (TCN) dating method (see Chapter 10) on quartz 1 
grains from alluvial sand and gravel lying on bedrock in borehole PIAT-02-04 (tables 1-1 and 2-3 ) indicates 2 
these sediments are ~1 million years old. The character and properties of these materials are similar to 3 
preglacial sediment mapped in southwestern Illinois by Grimley and Phillips (2006b) that were assigned to 4 
Canteen Member of the Banner Formation. These sediments may also be correlative with deposits of silt 5 
and clay assigned to the Belgium Member of the Banner Formation that were uncovered in quarries near 6 
the City of Danville (Johnson 1971; Johnson et al. 1972), or exposures along streams in western Indiana 7 
(Bleuer 1976; Johnson and Bleuer 1980; Bleuer et al. 1982) and western Illinois (Miller et al. 1994). These 8 
sediments are assigned to geologic mapping unit 11, subunit 4PIL2 (fig. 2-3 and fig. 2-8). Because these 9 
sediments contain similar physical properties and lithology of weathered bedrock and the overlying glacial 10 
till, it was difficult to determine a precise measurement of elevation for the bedrock surface in some 11 
boreholes.  12 
 13 
 14 
Pre-Illinois Episode (middle phase) 15 
The middle phase of the pre-Illinois Episode includes all of the glaciations, as well as intervening periods 16 
of warmer climatic conditions (interglacial episodes) that occurred prior to the Illinois Episode (fig. 2-8). 17 
The sediments comprising the geologic mapping units assigned to this part of pre-Illinois Episode include 18 
diamicton (till), sand and gravel (glaciofluvial sediment), and silt and clay (glaciolacustrine sediment) that 19 
were deposited under and in front of glaciers flowing into project area from the east and northeast (Johnson 20 
et al. 1971; Johnson 1986). The deposits of organic-rich silt and sand assigned to this time period are 21 
presumed to have formed during interglacial episodes and interpreted as fluvial and overbank sediments 22 
deposited in valleys, or organic deposits formed in depressions on uplands. In some areas, the upper part of 23 
the uppermost sediment from this time period (usually tills of the Tilton or Hillery Members of the Banner 24 
Formation; geologic mapping units 5PIL, subunits 5PIL1 or 5PIL2) is intensely oxidation, has a well-25 
expressed soil structure and clay films, and leached of primary carbonate minerals. These features have 26 
been interpreted as remnants of a long-lived period of surficial weathering and soil development, erosion, 27 
and deposition that occurred during the Yarmouth episode (Hallberg and Baker 1980); an interglacial 28 
episode that occurred prior to the glaciation of the Illinois Episode (fig. 2-8). In this project, the Yarmouth 29 
episode is considered part of the pre-Illinois Episode. 30 
 31 
Because sediments from the pre-Illinois Episode have been exposed to younger erosional and weathering 32 
events, much of the record of deposition from this time period is either absent or partially preserved (e.g., 33 
from McLean-Champaign County Line to State Route 47 in cross section C–C´, plate 12-1). The most 34 
complete sedimentary record of this time period containing all three diamictons (tills) and two silt and clay 35 
units (glaciolacustrine sediment) was encountered in tributary valleys to the MBV (fig. 2-7). Rarely are all 36 
these sediments preserved in the MBV, except as small isolated bodies that were not completed removed 37 
during later erosional events. These sediments are most common in the MBV where older deposits of sand 38 
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and gravel were not extensively eroded during later geologic events (e.g., in the subsurface at the Big Ditch 1 
in cross section D–D´, plate 12-1). It is assumed these outliers of sand and gravel upon which the sediments 2 
were deposited stood above the maximum erosion surface of later erosional events. 3 
 4 
The glaciations in the pre-Illinois Episode in Illinois are thought to have occurred during Marine Isotope 5 
Stages (MIS) 16 (~620,000 years ago) to 12 (~ 430,000 years ago) (Johnson, 1986; Hansel and McKay 6 
2010; Curry et al, 2011) (fig. 2-8). These events mark the greatest global ice volumes during the Quaternary 7 
Period (Shackleton 1987; Zachos et al. 1991; Pillans and Naish 2004). New information from several 8 
boreholes drilled for this project (e.g., CHAM-09-03A; fig. 2-9), the reanalysis of geologic logs for 9 
previously drilled boreholes, and correlations made with the geology of western Indiana (Bleuer and Moore 10 
1977; Bleuer 1980; Bleuer et al. 1983; Bleuer 1991) suggest the oldest glacial sediments in the project area 11 
were deposited during the same glacial advance as the West Lebanon Member till (Bleuer 1991) that 12 
occurred ~720,000–1,100,000 years ago during MIS 18–34 (fig. 2-8). In this borehole, West Lebanon 13 
Member till (geologic mapping unit 8PIL, subunit 5PIL4) is a silty clay loam diamicton between deposits 14 
of sand and gravel (glaciofluvial sediment) assigned to the Mahomet Sand Member of the Banner Formation 15 
(geologic mapping unit 8PIL, subunits 8PIL1 and 8PIL2) (figs. 2-4 and 2-8). This till has distinctive 16 
properties including a reddish gray to gray color, generally higher magnetic susceptibility than other tills 17 
of the pre-Illinois Episode (figs. 2-10 and 2-11; Vonder Haar and Johnson 1973 , and contains clasts of 18 
claystone having a reddish brown color. These properties are similar to the West Lebanon Member till in 19 
west-central Indiana that has been studied in detail by Bleuer and Moore (1977) and Bleuer et al. (1983). 20 
The red claystone clasts found in the till in Indiana are thought to come from Jurassic-age bedrock (red 21 
beds) in central Michigan. In the project area, this diamicton was encountered only within the MBV and on 22 
the adjacent uplands. The overall distribution of this diamicton in the project area indicates that direction 23 
of ice flow was primarily controlled by topography. During this advance, glaciers for the most of the time 24 
would have been confined to the valley and only overtopped the valley walls in a few places. 25 
 26 
The deposits of sand and gravel assigned to the Mahomet Sand Member (geologic mapping unit 8PIL, 27 
subunits 8PIL1 and 8PIL2) were encountered only in the MBV up to a maximum elevation of 28 
approximately 580 feet msl. (above mean sea level). The upper surface of Mahomet Sand Member was 29 
defined by the presence of sand and gravel in boreholes (plate 12-1) and a prominent reflector in seismic 30 
survey profile (see Chapter 6). Where not separated by the West Lebanon Member till, the contact between 31 
two subunits was defined by a change in the overall log pattern of natural gamma radiation (e.g., fig. 2-11). 32 
The contact between subunits is often marked by a change in material texture from fine sand in the upper 33 
part of subunit 8PIL2 and coarse-grained sand and gravel in the lower part of subunit 8PIL1. In previous 34 
studies of the MBV, the Mahomet Sand Member was not subdivided (e.g., Larson et al. 2003; Soller et al. 35 
1999).These units general have undulating upper surfaces suggesting they have been eroded in part by water 36 
or ice during later geologic events. The sediments in the two subunits typically become finer in texture 37 
upwards.  38 
 39 
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The sediments assigned to the Mahomet Sand Member overall range in texture from loamy sand to gravelly 1 
sand, but in some boreholes beds of silt, gravel, diamicton, or sediment with organic material was 2 
encountered. In some areas, the bottom part of subunit 8PIL2 contains gravel with cobbles and boulders. 3 
Compositionally, these sediments contain predominantly sand-sized grains and granules of quartz, and 4 
fewer carbonate, chert, and feldspar clasts, and rock fragments (fig. 2-12; Panno et al. 2005 and Mehnert et 5 
al. 1999). More specifically, the number of grains and granules of feldspar were found to be higher at the 6 
top of subunit 8PIL1. The percentage of rock fragments were higher in the Mahomet Sand Member as 7 
compared to the sediments lying above and below. More clasts of chert were counted in subunit 8PIL2 (fig. 8 
2-12). Willman and Frye (1970) and Manos (1961) also found the deposits of sand and gravel assigned to 9 
the Mahomet Sand Member were composed predominantly of quartz, lesser amounts of carbonate minerals, 10 
K-feldspar and Ca-Na feldspar, and minor amounts of translucent heavy minerals that include hornblende, 11 
garnet, epidote, and hyperenstatite. In a few boreholes, sand-size grains and granules had silt coatings and 12 
were weakly cemented by calcite (Panno et al. 2005). X-ray diffraction (XRD) analyses previously 13 
conducted on the bulk samples and fine fraction of these deposits indicate the presence, in order of 14 
decreasing relative amounts, quartz, dolomite, calcite, plagioclase feldspar, K-feldspar, illite, kaolinite, 15 
chlorite, and hornblende (Panno et al. 2005). The fine fraction of deposits of sand and gravel assigned to 16 
the Pearl Formation and Mahomet Sand Member contained greater amounts of clay minerals and carbonate 17 
minerals and less quartz than deposits of sand and gravel assigned to the Glasford Formation (geologic 18 
mapping unit 6IL, subunit 6IL1. Limited XRD analyses conducted for this project of the clay mineral 19 
content in deposits of sand and gravel assigned to the Mahomet Sand Member returned comparable results 20 
with the previous studies (table 2-2 and Chapter 10). 21 
 22 
From the stratigraphic correlations made for this project, the deposits of sand and gravel assigned to the 23 
Mahomet Sand Member are interpreted to have formed during the same glacial advance that the West 24 
Lebanon Member till. A TCN date from sand and gravel in borehole PIAT-04-02 assigned to subunit 8PIL2 25 
of the Mahomet Sand Member (table 2-3) indicates the lowermost glaciofluvial sediment in the MBV is 26 
likely >800,000 years old. This date is correlative with the age of the West Lebanon Member till in west-27 
central Indiana. Bleuer (1976, 1991) suggest the till is at least 700,000 years old, based on the presence of 28 
proglacial sediment with a reversed polarity (pre-Brunhes Chron) under the unit. In the project area, the 29 
sand and gravel in the MBV would have been deposited by meltwater flowing beyond an ice margin over 30 
northwestern Indiana and central Michigan.  31 
 32 
From the presence of West Lebanon Member till in continuous core collected in boreholes CHAM-08-07A, 33 
MCLN-08-01, PIAT-08-01 (table 2-3; fig. 2-13) indicates this glacial advance reached its maximum extent 34 
in Illinois west of Mahomet. The presence of thick deposits of sand and gravel partially filling the MBV 35 
and locally stratified with the West Lebanon Member till suggests that the ice margin retreated eastward of 36 
the project area, and proglacial meltwater flowed along the valley depositing sand and gravel, of subunit 37 
8PIL1. Again, little is known the depositional history of Mahomet Sand Member, but it is possible the 38 
meltwater that deposited subunits 8PIL1 and 8PIL2 was associated with the draining of glacial lakes in 39 
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Indiana. Bleuer (1991) suggests that glacial lakes were ponded behind glaciers in west-central Indiana 1 
during the West Lebanon ice advance. Alternatively, deposits assigned to subunit 8PIL2 was deposited 2 
during the ice advance, and subunit 8PIL1 was deposited during a later event in the pre-Illinois Episode. 3 
 4 
Following this glaciation, the warming climate enabled soil development that stabilized slopes on the land 5 
surface promoting vegetation growth. Rivers and streams occupied new channels as base-levels lowered to 6 
equilibrium conditions. Deposits of sand, silt, clay, diamicton, or gravel that in some places contain organic 7 
material (decomposed plant material, peat, and wood) (e.g., fig. 2-14) are remnants of an interglacial period 8 
that may have occurred in Illinois during MIS 17 between ~720,000 and ~620,000 years ago (fig. 2-8). 9 
These deposits contain features of soil development (oxidized, clay-rich, and leached B-horizons), rapid 10 
sedimentation by flowing water (thick bedding and syndepositional collapse features in deposits of sand 11 
and gravel), accumulation in shallow water bodies (laminated silt and fine sand with interbeds containing 12 
organic material), and deposition on steep slopes (stratified diamicton with interbeds of sand, silt and 13 
gravel). These sediments could have been deposited by rivers in channels and on floodplains, in ponds and 14 
shallow lakes formed on the floodplains and in depressions on uplands, or by surface drainage in slopewash 15 
delivering sediment to the floodplains and depressions. These sediments comprise deposits interpreted as 16 
alluvium and colluvium that are assigned to geologic mapping unit 8PIL, subunit 4PIL1 (fig. 2-3). The 17 
sediments were encountered in several boreholes in the project area: CHAM-03-02, CHAM-03-03, CHAM-18 
08-01, CHAM-08-03A, CHAM-08-07A, CHAM-08-09A, CHAM-09-03A, FORD-08-01A, MCLN-08-01, 19 
and PIAT-08-01. The absence of these sediments in the other boreholes suggests that the deposits they form 20 
were subsequently stripped from the landscape during later geologic events by glacial ice or flowing water. 21 
Deposits with similar characteristics have been encountered in previous studies conducted in the project 22 
area (Kempton et al. 1991, Kempton and Berg 1995, Soller et al. 1999). In these studies, these sediments 23 
were assigned to the Lierle Clay of Willman and Frye (1970), which by definition is correlated with 24 
sediments that were deposited prior to the glaciations of the pre-Illinois Episode. In this project, these 25 
sediments were found under tills of the Hillery or Harmattan Members and on top of sediments assigned to 26 
the Mahomet Sand or West Lebanon Members (figs. 2-9, 2-11, 2-14, and 2-15).  27 
 28 
Pre-Illinois Episode (late phase) 29 
After an extended interglacial period, glaciers began to readvance into the central United States. This second 30 
major period of glacial activity in the pre-Illinois Episode was marked by at least three separate glacial 31 
advances into Illinois from centers of ice accumulation located in northern Canada east of Hudson Bay. 32 
These advances occurred between MIS 16 (~620,000 years ago) and 12 (~430,000 years ago) (Johnson 33 
1986; Hansel and McKay 2010) and were followed by several short-duration interglacial periods (fig. 2-8). 34 
Stratigraphic correlations made for this project indicate that deposits of diamicton and silt, fine sand, and 35 
clay were formed during these advances and completely filled the MBV and the tributaries by the end of 36 
this time period (fig. 2-7). The elevation of the surface of these deposits in some parts of the MBV (plate 37 
12-1) and in the tributary valleys (figs. 2.7 and 2.10) is greater than 500 feet msl. Previously, Horberg 38 
(1945; 1950) defined the edge of the MBV as the 500-foot elevation contour msl. In subsequent studies, 39 
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geologists and hydrogeologists have used this contour line to delineate the extent of the Mahomet aquifer 1 
for developing geologic and hydrogeologic models.  2 
 3 
The first glacial advance during this part of the pre-Illinois Episode entered Illinois from the north-4 
northeast. The ice flowed along a similar path as the Lake Michigan Lobe during the Wisconsin Episode 5 
(e.g., Johnson et al. 1972) (fig. 2-2). The diamicton (till) deposited during this advances has a distinctive 6 
lithology and mineralogy that can be used to trace the flow path of the glacier over source bedrock units on 7 
the Canadian Shield (Johnson et al. 1971, 1972; Vonder Haar and Johnson 1973; Bleuer 1991). This till 8 
was assigned to the Harmattan Member of the Banner Formation by Johnson et al. 1971. In this project, 9 
this till is assigned to geologic mapping unit 5PIL, subunit 5PIL3 (figs. 2-3 and 2-4). The Harmattan 10 
Member till is only in the subsurface in the project area, but to the east near the City of Danville and in 11 
western Indiana, the till outcrops along rivers or streams and in mine excavations (Johnson 1964, 1971). 12 
The diamicton is olive to gray in color, loam to clay loam in texture, and commonly has more clasts of the 13 
local bedrock, a lower bulk magnetic susceptibility, and a higher proportion of dolomite than calcite in the 14 
carbonate mineral fraction of the matrix than other diamictons of the pre-Illinois Episode (fig. 2-16). These 15 
properties are similar to those found in previous studies of the till (e.g., Johnson et al. 1971. 1972). Bleuer 16 
et al. (1983) also determined that the diamicton has a low garnet to epidote ratio, which is a diagnostic 17 
characteristic of tills with a bedrock source in the Superior and Southern Provinces of the Canadian Shield 18 
(Gwyn and Dreimanis 1979; fig. 2-2). 19 
 20 
As glaciers flowed into the project area that deposited the Harmattan Member till, glacial lakes were formed 21 
in front of the advancing ice margin where the drainage was blocked by sediment or ice dams. Silt, clay 22 
and fine sand was deposited into these glacial lakes. In the project area, these glacial lake sediments were 23 
encountered in boreholes under the Harmattan Member till or younger sediment (plate 12-1; fig. 2-17, and 24 
are assigned to geologic mapping unit 5PIL, subunit 2PIL2 (figs. 2-3 and 2-4). Similar deposits of silt and 25 
clay deposits have been studied excavations in near Danville, Illinois (Johnson et al. 1972) and outcrops in 26 
western Indiana (Bleuer et al. 1982; 1983). These deposits are of limited areal extent and preserved typically 27 
in tributary valleys to the MBV (see geologic logs for boreholes CHAM-08-07A and CHAM-07-03A in 28 
table 2-3).  29 
 30 
During a second major glacial advance in this part of the pre-Illinois Episode, into a diamicton (till) assigned 31 
to the Hillery Member of the Banner Formation (geologic mapping unit 5PIL, subunit 5PIL2) (figs. 2-3 and 32 
2-4) was deposited in the project area. This till was first described in surface exposures near the Town of 33 
Hillery in Vermillion County, Illinois (Johnson et al. 1971), but has also been studied in outcrops outside 34 
the project area near the City of Springfield, Illinois (Johnson et al. 1971), south of the Town of Shelbyville, 35 
Illinois (Bleuer 1967), and to the east in western Indiana (Bleuer 1976; Bleuer et al. 1983). In the project 36 
area, the till was encountered in the subsurface only, commonly on bedrock uplands and in tributaries to 37 
the MBV (fig. 2-7 and plate 12-1). In the MBV, the till is preserved locally as small outliers on till, glacial 38 
lake sediment, or glaciofluvial sediment (plate 12-1). In the project area, this diamicton has a distinctive 39 
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reddish brown color where oxidized (fig. 2-18), contains more dolomite than calcite (fig. 2-16), and locally 1 
higher magnetic susceptibility (figs. 2-9 and 2-10). These results are similar to findings from previous 2 
studies of the till (Willman et al. 1963; Johnson et al. 1971, 1972; Vonder Haar and Johnson 1973). These 3 
properties suggest, in part, the Hillery Member till has a provenance from bedrock sources units in the 4 
Grenville Province, and the glaciers would have flowed into the project area following a similar path as the 5 
Huron-Erie Lobe during the Wisconsin Episode (fig. 2-2).   6 
 7 
From interpretations made from continuous cores collected for this project and stratigraphic correlations 8 
contained in Kempton et al. (1991), a large glacial lake formed in the MBV and its tributary drainages in 9 
front of glaciers that deposited the Hillery Member till. Deposits of laminated to finely bedded silt, clay and 10 
fine sand were encountered in numerous boreholes drilled for this project, and evidence of sedimentation 11 
into proglacial lakes as described in Ashley (1975). These glaciolacustrine sediments are assigned to 12 
Unnamed unit 1 of the Banner Formation (geologic mapping unit 5PIL, subunit 2PIL1) (figs. 2-3 and 2-4). 13 
The extent of these deposits is limited in the MBV (plate 12-1), but thick deposits of silt, clay, and fine sand 14 
were encountered in the tributary valleys, such as the Pesotum Bedrock Valley (e.g. CHAM-08-04; table 15 
2-3). These sediments are generally calcareous and have a distinctive reddish brown to reddish gray color, 16 
properties similar to Hillery Member till that lies above. In a few boreholes (CHAM-08-04 and CHAM-08-17 
10A), the till contains rip-up clasts of silt and clay suggesting that the glaciers overrode the proglacial lakes 18 
incorporating the underlying sediment. Kempton et al (1991) while mapping in east-central Illinois found 19 
that these sediments had similar mineralogical compositions to the overlying and underlying tills. Where 20 
present, the top of these deposits are at elevations between 485 and 550 feet msl. 21 
 22 
During the third and last major glacial advance of the pre-Illinois Episode, diamicton (till) of the Tilton 23 
Member of the Banner Formation was deposited. The diamicton typically is dark gray to grayish brown in 24 
color, silty, and contains interbeds of sand, silt and gravel. The diamicton has similar physical properties to 25 
the Tilton Member till once exposed in high walls at coal mines near Danville, Illinois (Johnson et al. 1971, 26 
1972) and along major drainageways in west-central Indiana (Bleuer 1976; Bleuer et al. 1983). This till is 27 
assigned to geologic mapping unit 5PIL, subunit 5PIL1 (figs. 2-3 and 2-4). The till was encountered in only 28 
a few boreholes drilled for this project (CHAM-07-03A, CHAM-08-04, CHAM-08-10A, CHAM-09-01, 29 
CHAM-09-02A, and CHAM-09-03A; table 2-3).  Detailed lithological and mineralogical analyses 30 
completed by Johnson et al. (1971), Vonder Haar and Johnson (1973), and Willman et al. (1963) suggest 31 
that the till was deposited by glaciers flowing through the Lake Erie basin following a similar path as the 32 
Huron-Erie Lobe during the Wisconsin Episode (fig. 2-2) 33 
 34 
In the project area, a strongly developed paleosol formed during a long period of interglacial conditions 35 
known as the Yarmouth episode (Hansel and McKay 2010) is developed in till at the top of the pre-Illinois 36 
Episode stratigraphy. The Yarmouth episode spanned the period from the end of pre-Illinois Episode 37 
glaciations to ~430,000 years ago at the onset of Illinois Episode ~190,000 years ago (fig. 2-8). This 38 
estimate of time for the Yarmouth episode is consistent with detailed analysis and comparison of physical 39 
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and chemical properties of the Yarmouth and Sangamon Geosols (buried interglacial soils) and the modern 1 
soil at a site in southern Illinois (Grimley et al. 2003). In the project area, only the oxidized and clay-rich 2 
portion of the B soil horizon of the Yarmouth Geosol is commonly found. The paleosol records the 3 
cumulative weathering of several interglacial episodes during a long hiatus in glacial deposition. 4 
 5 
 6 
Illinois Episode 7 
By ~190,000 years ago, the climate cooled significantly in North America for glaciers to once again enter 8 
east-central Illinois. These climatic conditions continued until ~130,000 years ago, a period of time referred 9 
to as the Illinois Episode and correlated to MIS 6 (fig. 2-8) (McKay et al. 2008). During this episode, the 10 
landscape developed in the pre-Illinois Episode was dramatic reshaping by ice, water, and wind. Bedrock 11 
outcrop and older deposits of glacial and nonglacial sediments were eroded, and sediment was deposited 12 
directly from glaciers or by meltwater in streams, rivers, and lakes in front of the ice margins.  13 
 14 
 15 
In front of the glaciers flowing into the project area from the north and northeast, deposits of sand and 16 
gravel were formed where meltwater drained from the ice margin. These deposits were only encountered 17 
in the subsurface up to a minimum elevation of approximately 650 feet msl. In the project area, these 18 
deposits are present in different landscape positions (i.e., in the MBV and on higher uplands outside the 19 
valley); accordingly two separate deposits were differentiated. In the geological framework, these deposits 20 
are assigned to tongues of the Pearl Formation (figs. 2-3 and 2-4). 21 
 22 
The deposits of sand and gravel lying outside the MBV at elevations between approximately 560–650 feet 23 
msl. are assigned to the Unnamed tongue 2 of the Pearl Formation (geologic mapping unit 8IL, subunit 24 
8IL2) (figs. 2-3 and 2-4). It is thought these sediments were deposited during the earliest part of the Illinois 25 
Episode when the MBV and its tributaries were completely filled by older glacial and nonglacial sediments 26 
of the pre-Illinois Episode. At this time, surface drainage would probably have been controlled by the 27 
position of the ice margins or sediment dams, and to lesser extent by the topography on the bedrock surface. 28 
The author speculates the drainageways likely crossed the axes of the bedrock valleys as meltwater flow 29 
routes followed the regional slope towards the south–southwest. In some places, the surface drainage 30 
completely may have eroded older sediment lying on the bedrock.  31 
 32 
A second deposit of sand and gravel was encountered within the MBV at a much lower elevation, between 33 
470 and 560 feet msl. These deposits were encountered at top of the valley-fill in the MBV and are assigned 34 
to Unnamed tongue 1 of the Pearl Formation (geologic mapping unit, subunit 8IL1) (figs 2-3 and 2-4). 35 
These deposits typically lie on the Mahomet Sand Member (geologic mapping unit 8PIL, subunit 8PIL1), 36 
but also locally on till and associated glaciofluvial and glaciolacustrine sediments of the pre-Illinois Episode 37 
(geologic mapping unit 5PIL, subunits 5PIL2, 5PIL3, and 2PIL1) (plate 12-1 and fig. 2-7). These 38 
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stratigraphic relationships suggest the till and meltwater sediments encountered in the MBV (in some places 1 
greater than 50 feet thick; plate 12-1) were almost completely eroded during or prior to deposition of the 2 
Pearl Formation. One possible explanation to account for this extensive erosion is that ice or sediment dams 3 
that formed glacial lake(s) in northeastern Illinois and west-central Indiana were breached causing 4 
catastrophic drainage to flow south or west over the MBV downcutting into the valley-fill and depositing 5 
these deposits of sand and gravel. Proglacial lake deposits that underlie till deposited during the Illinois 6 
Episode have been mapped in the subsurface over a large area of west-central Indiana up to elevations of 7 
approximately 600 feet msl. (Bleuer et al. 2001; S. Brown, personal communication, 2011). If this 8 
hypothesis is correct, the scale of incision would have been similar to large floods that catastrophically 9 
drained from glacial lakes in the Midwest region of the United States associated with the Wisconsin Episode 10 
glaciation (Teller and Thorleifson 1983; Kehew and Lord 1986; Teller 2004).  11 
 12 
In this project, the deposits of sand and gravel assigned to the Pearl Formation and underlying Mahomet 13 
Sand Member were differentiated based on their physical and mineralogical properties. Deposits of the 14 
Pearl Formation have a more variable grain size and gamma radiation content, (e.g. borehole PIAT-09-15 
02A; fig. 2-19), lower degree of sorting, and contain fewer chert and feldspar clasts than in deposits of the 16 
Mahomet Sand Member (fig. 2-12).   17 
 18 
Also during this glacial advance, concurrently or following the partial refilling of the MBV by deposits of 19 
Pearl Formation (subunit 8IL1), small glacial lakes formed on the land surface where drainage was blocked 20 
by ice or sediment in front of the ice margins. Silt, fine sand, and clay accumulated in these lakes developing 21 
deposits thinly bedded or laminated sediment that conformably overlie older deposits of sand and gravel or 22 
till (plate 12-1). These glaciolacustrine sediments are assigned to an Unnamed tongue of the Teneriffe Silt 23 
(geologic mapping unit 5IL, subunit 2IL) (figs. 2-3 and 2-4). The assignment of these sediments to a tongue 24 
of the Teneriffe Silt follows the same classification system for the Pearl Formation (fig. 2-4). These 25 
glaciolacustrine sediments interfinger with the overlying diamicton of the Glasford Formation or deposits 26 
of sand and gravel of the Pearl Formation. The deposits also contain beds of organic-rich sediment and 27 
diamicton; sediments washed into the lakes from nearby glaciers or ice-free slopes. Based on the revised 28 
stratigraphic correlations made for this project, deposits of fine-grained sediment encountered in some 29 
boreholes previously assigned by Kempton et al. (1991) and Soller et al. (1999) to the Lierle Clay of 30 
Willman and Frye (1970) were reassigned to geologic mapping unit 5IL, subunit 2IL. Willman and Frye 31 
(1970) defined the Lierle Clay as a deposit formed by the slow accumulation of sediments, moved by 32 
slopewash or wind action during the earlier part of the pre-Illinois Episode. In the project area, the deposits 33 
of Teneriffe Silt were encountered on not only on sediments of the pre-Illinois Episode, but also on sand 34 
and gravel of the Pearl Formation (plate 12-1).  35 
 36 
From the sequence of deposits identified in the project area, the first glacial advance of the Illinois Episode 37 
occurred after meltwater partially excavated and refilled the MBV (plate 12-1). During the Illinois Episode, 38 
glaciers entered the project area from the north-northeast flowing out of the Lake Michigan basin (Curry et 39 
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al. 2011). At its maximum extent, a sheet of ice covered nearly 90% of the state. This glacial advance is 1 
recognized as the most extensive when compared to the ice cover of earlier or later glaciations. The 2 
diamicton (till) deposited beneath these glaciers is regionally-extensive, and assigned to the Vandalia 3 
Member of the Glasford Formation (geologic mapping unit 5IL, subunit 5IL1) for this project (figs. 2-3 and 4 
2-4). The diamicton is predominantly grayish brown in color, loam-textured, and varies from silty to 5 
gravelly depending upon the particle-size distributions of the sediments that were overrode. Jia (2011) 6 
found that the till generally fine upwards (fig. 2-20). In the project area, the lithology and mineralogy 7 
composition of the diamicton (table 2-2) is consistent with the findings of previous studies by Jacobs and 8 
Lineback (1969), Johnson et al. (1971, 1972), Follmer et al. (1979), and McKay et al. (2008) This diamicton 9 
contains abundant clasts of dolomite and in the <2 mm size fraction a higher proportion of illite, chlorite, 10 
and kaolinite with respect to other expandable clay minerals. These constituents were probably derived by 11 
deep erosion of Paleozoic bedrock units present to the north and northeast of the project area (Kolata 2005) 12 
and transported by glaciers following a flow line paralleled the path of the Lake Michigan Lobe during the 13 
Wisconsin Episode (Hansel and McKay 2011; fig. 2). 14 
 15 
After reaching their maximum extent during the Illinois Episode, the ice sheet began to thin and stagnate. 16 
Detailed studies of the Illinois Episode glaciation in the “ridged-drift” area of Illinois (located southwest of 17 
the project area; fig. 2-21), suggest that the deglacial phase of the Illinois Episode was quite complex 18 
marked by periods of stagnation or downwasting and readvancement of the ice margins (Leighton 1959; 19 
Leighton and Brophy 1961; Jacobs and Lineback 1969; Webb 2009). These processes developed the 20 
undulating to ridged topography characteristic of this part of Illinois. These landforms have been interpreted 21 
to be products of subglacial, ice marginal, supraglacial, and proglacial processes active during deglaciation 22 
(Grimley and Phillips 2006a; Webb 2009; Grimley and Phillips 2011). Although these deposits of the 23 
Illinois Episode are not exposed at the land surface in the project area, it is presumed that glaciers in east-24 
central Illinois underwent similar processes stagnation and downwasting during the deglacial phase.  25 
 26 
In the project area, deposits of the deglacial phase are widespread and mappable over MBV, its tributary 27 
valleys, and the adjacent uplands. These deposits are comprised of sequences containing layers of 28 
diamicton, sand and gravel, or silt, fine sand and clay (fig. 2-22), which in some places are up to 280 feet 29 
thick. These sediments are assigned to Glasford Formation (geologic mapping unit 6IL; figs. 2-3 and 2-4). 30 
A detailed study of these deposits completed by Atkinson (2011) found that the sediments are typically 31 
stratified or interlayered, but in some boreholes, only diamicton or deposits of sand and gravel are 32 
encountered. Commonly, the diamicton has a sandy to gravelly loam texture, loose to moderately 33 
compacted, weakly oxidized, and contains more clasts of dolomite than the underlying Vandalia Member 34 
till and older tills deposited during the pre-Illinois Episode. The natural gamma radiation, recorded in counts 35 
per second (CPS) in boreholes was relatively lower in this diamicton than the diamictons above and below 36 
(fig. 2-23). In some boreholes, the CPS in the diamicton was constant over a large depth range. The lack of 37 
variability in some log profiles suggests a relative homogeneous mineralogical composition and grain size 38 
in the diamicton. These profiles contrast with logs of till deposited subglacially. Bleuer (2004) determined 39 
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from rigorous testing that logs of natural gamma radiation from subglacial tills display a “positive block” 1 
pattern. In the project area, these tills commonly have a variable grain size (fig. 2-22) and contain layers of 2 
sand and gravel that are represented by variability on the logs of natural gamma radiation (fig. 2-23). 3 
 4 
Deposits of sand and gravel assigned to geologic mapping unit 6IL were encountered at the surface of the 5 
unit and/or at various depths (fig. 2-24; Atkinson 2011). Typically the thickest deposits of sand and gravel 6 
are present at the bottom of the unit within a sequence containing layers of diamicton and silt and clay (e.g. 7 
borehole CHAM-09-02A; fig. 2-25). In some boreholes, the unit is comprised entirely of sand and gravel 8 
(e.g. CHAM-09-07; table 2-3), exceeding 150 feet in thickness. This sediment is commonly poorly sorted, 9 
variably textured from very fine sand to pebble gravel, oxidized, and contains beds of silt and clay or 10 
diamicton. Where present at the top of the unit, these deposits may contain >25 % eluvial clay; clay that 11 
infiltrated downwards from the land surface into the B soil horizon during formation of a paleosol 12 
(Sangamon Geosol). 13 
 14 
The silt, fine sand, and clay assigned to geologic mapping unit 6IL were found at various depths below the 15 
land surface and compose layers ranging in thickness from 3–10 foot thick. The thickest deposits were 16 
encountered at the top of the unit (e.g., CHAM-09-06; fig. 2-26). Commonly, these deposits of silt and clay 17 
are bedded or laminated and may contain interbeds of organic-rich silt and fine sand and scattered gastropod 18 
or mollusk shells. From the geological information in boreholes, some of these deposits are completely 19 
composed of massive to crudely bedded silt. The silt and clay is loosely compacted, moist or water 20 
saturated. These characteristics suggest that the sediments were deposited in shallow water bodies, such as 21 
small lakes, ponds, or drainageways with slow-moving or stagnant water (c.f. Anderson et al. 1999). 22 
 23 
The deposits assigned to geologic mapping unit 6IL are further differentiated into subunits 6IL1 and 6IL2 24 
(Unnamed units 1 and 2, Glasford Formation; figs. 2-3 and 2-4) based on the sequence of sediments 25 
encountered. The deposits of sediment assigned to subunit 6IL1 overlie the entire project area and contains 26 
interstratified sediment. In some boreholes, these deposits are composed entirely diamicton or sand and 27 
gravel (e.g., borehole CHAM-09-07, fig. 2-27), but the extent of them is not known. Atkinson (2011) 28 
mapped these deposits in more detail and estimated that 46.0% of the subunit by volume is composed of 29 
sand and gravel. Stumpf et al. (2011) also mapped these deposits in more detail over a 57 square mile area 30 
(including Rantoul and Gifford), and in this area the subunit contains mostly sand and gravel. More 31 
commonly, these deposits contain intervals of diamicton, sand and gravel, and silt and clay (figs. 2-21, 2-32 
25 and 2-26). The deposits of sand and gravel are encountered primarily at the top and/or bottom of the 33 
sequence. 34 
 35 
In comparison, the sediments assigned to subunit 6IL2 were only encountered over the western part of the 36 
project area (fig. 2-28). The lateral extent of this subunit was primarily mapped by further examining these 37 
drilling logs. In many of the boreholes, a finer-textured diamicton than in subunit 6IL1 was described, 38 
which commonly overlies deposits of sand with gravel containing intervals of silt and clay (e.g., borehole 39 
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120192451700, fig. 2-28). These deposits collectively are up to 280 feet thick. The presence of this 1 
diamicton and sand and gravel was verified by the borehole geophysical logs and continuous core or 2 
samples from three boreholes that fully penetrate subunit (CHAM-03-02, CG-3-92, and CHM-98A; figs. 3 
2-23, 2-29, and 2-30, respectively). Locally, deposits of sand and gravel may be present at the top of the 4 
subunit, but these deposits are of limited extent in the subsurface. This diamicton commonly has a silt loam 5 
to loam texture, weakly oxidized, and contains a few beds of sand and gravel. The log of natural gamma 6 
suggests the grain size and/or mineralogy of the diamicton does not change in the area (figs. 2-23 and 2-7 
29). The grain size of the deposits of sand and gravel encountered under the diamicton changes significant. 8 
The sand grains range in size from very fine to medium (figs. 2-29 and 2-30). This variability in the size of 9 
the sand has been documented by drillers installing water wells in this part of the project area (fig. 2-28). 10 
The deposits of silt and clay are gray to pale brown in color, commonly bedded or laminated, soft, and 11 
partially saturated. 12 
 13 
In contrast to the findings of previous studies conducted in east-central Illinois (Kempton et al, 1982, 1991; 14 
Soller et al. 1999; Larson et al. 2003) deposits of only one major glacial advance during the Illinois Episode 15 
are inferred from the data now available. Previously, Johnson et al. (1972) correlated a diamicton (till) 16 
assigned to the Radnor Member of the Glasford Formation to a second glacial advance during the Illinois 17 
Episode from the type section in west-central Illinois described by Willman and Frye (1970) east to the 18 
Danville area. This stratigraphic correlation was based upon the inference that deposits assigned to the 19 
Toulon Member by Willman and Frye (1970), the unit underlying the Radnor Member till at the type 20 
section, was correlative to deposits assigned to the Roby Silt Member of Johnson (1964) that underlie the 21 
Radnor Member till in the Danville area (Johnson et al. 1972). In the project area, deposits of the Roby Silt 22 
Member were not encountered. Deposits of organic-rich sediment were only encountered in geologic 23 
mapping unit 6IL as interbeds within sediments interpreted as glaciolacustrine sediment. Commonly, a 24 
diamicton that stratigraphically lies in the same position as the Radnor Member till overlies deposits of sand 25 
and gravel interpreted as glaciofluvial sediment. Also, the grain size and mineralogy of this diamicton are 26 
similar to properties of the Vandalia Member till (table 2-2 and 2-4). In previous studies (e.g., Johnson et 27 
al. 1972), differences in calcite, dolomite, and illite compositions were in part the basis for distinguishing 28 
between these diamictons.  29 
 30 
The materials assigned to geologic mapping unit 6IL are interpreted as sediments that were deposited during 31 
the deglacial phase of the Illinois Episode glaciation in ice proximal or ice contact environments as glaciers 32 
that formed as an ice sheet stagnated and melted in place. Landforms of retreating ice margins (i.e., 33 
recessional moraines) have not been identified, but these deposits are similar to those characteristic of dead-34 
ice or ice marginal environments described by Colgan et al (2003), Krüger et al (2009), and Evans (2011).  35 
 36 
The sediments assigned to geological mapping unit 6IL, subunit 6IL1 comprise the uppermost deposits of 37 
the deglacial phase, and are mapped across the entire project area lying over subunit 6IL2 and geologic 38 
mapping unit 5IL, subunit 5IL1 and older sediments of the pre-Illinois Episode (fig. 2-7 and plate 12-1). 39 
IAW Report 2007-02899  2012-02-20 
 
 
32 
 
The deposits of diamicton, sand and gravel, and silt and clay form landforms constructed on, against or in 1 
front of glacial ice (fig. 2-31). The diamicton was deposited from the melting of debris-rich ice or as debris 2 
flows flowing from the ice. The sand and gravel was deposited in streams and rivers that carried meltwater 3 
in front of or beneath the ice. The deposits of sand and gravel form the plains and terraces along major the 4 
drainageways or fans or deltas that were built into glacial lakes. Erosional channels were incised into the 5 
underlying sediment where large amounts of meltwater were discharged away from the ice margin. These 6 
incised channels are most common in northeastern Champaign County. Deposits of sand and gravel 7 
assigned to subunit 6IL1 encountered in borehole CHAM-09-07 (fig. 2-27) were likely deposited in one of 8 
these channels. The silt and clay was deposited in glacial lakes formed in low-lying areas, and behind 9 
stagnant blocks of ice or sediment dams by the surface drainage and through channels under the ice. 10 
 11 
The materials assigned to geologic mapping unit 6IL, subunit 6IL2 lie below and adjacent to subunit 6IL1 12 
(fig. 2-7 and plate 12-1) and were deposited during the early part of the deglacial phase. Little is known 13 
about the history of these deposits because the materials are deeply buried and detailed geological and 14 
geophysical information is only available from a few boreholes that penetrate the entire subunit. However, 15 
three scenarios are proposed for deposition of these sediments and erosion of the substrate based on 16 
interpretations from similar geology in southwestern Illinois (Webb 2009), other parts of glaciated North 17 
America (Eyles et al. 1999; Carlson et al. 2005), and glacial landsystems elsewhere in the world (Šinkūnas 18 
et al. 2009; Hambrey and Fitzsimons 2010; Schomacker et al. 2010) that are modern analogues for 19 
Quaternary glaciations. These scenarios are based around the development of a valley or series of channels 20 
incised into older sediments assigned to the Illinois Episode and pre-Illinois Episode that occurred during 21 
or prior to the deposition of subunit 6IL2. Because of the scale of geologic mapping for this project, the 22 
individual channels, if present, could not be resolved, and therefore both the valley and channels are referred 23 
to as the “valley”. 24 
 25 
The scenarios proposed include: 26 
1. Filling of a valley by subglacial deposits and/or materials melting from debris-rich ice present in 27 
the valley. The valley was formed by ice or water during and/or prior to the Illinois Episode 28 
glaciation. Erosion either subglacially or subaerially removed deposits assigned to earlier glacial 29 
and interglacial periods (i.e., the Vandalia Member till and deposits of the pre-Illinois Episode). 30 
Following a subsequent glacial advance, ice flowed into the valley, stagnated and melted in place, 31 
and deposited sediment that infilled the valley. These sediments were deposited by the processes 32 
of ablation and melt-out in the supraglacial and englacial environments, in the manner described 33 
by Brodzikowski and van Loon (1991). In order to deposit sediments assigned to subunit 6IL1 34 
overtop require that the stagnating ice extend beyond the valley across the entire project area; 35 
 36 
2. Sediments assigned to subunit 6IL2 are emplaced into till and glaciolacustrine sediment of the 37 
Glasford Formation and older sediments of the Illinois and pre-Illinois Episodes. These sediments 38 
were deposited within an area occupied by an ice stream (zone of faster-flowing ice). Ice streams 39 
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have been identified in the Laurentide Ice Sheet during the Wisconsin Episode glaciation (Hicock 1 
and Kristjansson 1989; Patterson 1998; Ross et al. 2009). Ice streams form within glacial lobes 2 
having low ice surface gradients and warm-based conditions where meltwater flows under the ice, 3 
and low basal shear stresses where glaciers are underlain by deformable, soft substrates (Boulton 4 
and Jones 1979) and/or high subglacial water pressures (Engelhart et al. 1990). Ice streams have 5 
the ability to rapidly drain large portions of ice sheets and are bordered by slower moving or 6 
stagnant ice (Bentley 1987). These conditions are hypothesized for glaciers in the middle of North 7 
America (Stokes and Clark 2001). Some ice streams, particularly those that terminate into water 8 
bodies (Stokes and Clark 2003; Laberg et al. 2009) are highly erosive and can transport large 9 
amounts of sediment. In southwestern Illinois, a possible ice stream has been identified that would 10 
have been active during the Illinois Episode glaciation and terminated in proglacial lakes (Grimley 11 
and Phillips 2011; Webb et al. 2012). This ice stream could have extended farther northeast into 12 
the ice sheet overlying the project area; 13 
 14 
3. Sediments assigned to subunit 6IL2 may comprise a continuum of landforms formed during the 15 
drainage of subglacial meltwater and associated downwasting of a glacial lobe. The subglacial 16 
channels were cut by meltwater into older sediments, and drainage flows from the interior of the 17 
ice sheet over central Illinois to ice margins located to the south and west. Once the meltwater flow 18 
subsides the channels are infilled by sand and gravel carried by subglacial water or diamicton that 19 
melted out from the ice surrounding the channel. The channels are later buried by sediment melting 20 
out from debris-rich ice above. These channels could form an integrated network of drainageways 21 
that are correlative to a system of buried valleys, described as “tunnel valleys” by Russell et al. 22 
(2003), Hooke and Jennings (2006), Jørgensen and Sandersen (2008), Stewart and Lonergan 23 
(2011). 24 
 25 
Following deglaciation, the post-Illinois Episode climate warmed sufficiently to allow soil formation in the 26 
surficial deposits assigned to geologic mapping unit 6IL, subunit 6IL1. This interglacial period, known as 27 
the Sangamon Episode, lasted from ~130,000–60,000 years ago, a time period spanning MIS 5 and 3 (fig. 28 
2-8). The Sangamon Episode is represented in the geologic record mainly by the weathering profile and 29 
soil development of the Sangamon Geosol (Leverett 1899; Follmer 1979, 1983; Curry and Follmer 1992). 30 
In the project area, the Sangamon Geosol is developed in deposits of subunit 6IL1 and represented by olive 31 
green- to dark brown-colored soil profiles that is indicative of formation under poorly drained conditions 32 
in flat areas or depressions. Typically, the soil parent material is leached of primary carbonate minerals, 33 
usually to a depth of 5 to 10 feet, and oxidation and mottling commonly extend much more deeply. The 34 
Sangamon Geosol is a widely recognized stratigraphic marker in the geologic record. 35 
 36 
 37 
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Wisconsin and Hudson Episodes 1 
The uppermost sediments of Quaternary Period in the project area are assigned to the Wisconsin and 2 
Hudson Episodes, a time period starting ~60,000 years (Willman and Frye, 1970; Hansel and Johnson, 3 
1996; Johnson et al. 1997; Stiff and Hansel 2004). These sediments are found within 30–150 feet of the 4 
land surface and form the landforms and deposits of the present day landscape. The oldest sediments, 5 
windblown silt and organic material, assigned to the Robein Member of the Roxana Silt (geologic mapping 6 
unit 5WI, subunit 4WI2) (fig. 2-8) were deposited prior to the Wisconsin Episode glaciation in poorly 7 
drained, low- or flat-lying landscape positions and depressions. The leaching of primary carbonate minerals 8 
and subdued colors of the B-soil horizon in the Robein Member is attributed to formation of the Farmdale 9 
Geosol (Follmer et al. 1979). The Robein Member is discontinuous deposit in the subsurface commonly 10 
less than 5 feet thick, but where present is a stratigraphic marker correlative to the beginning of the 11 
Wisconsin Episode. Because of the subunit’s irregular distribution and limiting thickness, these sediments 12 
were not differentiated in the 3-D geologic model and on the geologic cross sections. 13 
 14 
The Robein Member is overlain by diamicton (till) or deposits of sand and gravel associated with the 15 
Laurentide Ice Sheet that flowed into the project area during the Wisconsin Episode glaciation beginning 16 
~29,000 years ago during MIS 2 (fig. 2-7). The Lake Michigan Lobe of this ice sheet reached a maximum 17 
extent south of the project area (fig. 2) at 23,010 calendar years ago (19,340 ± 0.18 radiocarbon years) 18 
(Hansel and Johnson 1996). By ~21,000 years ago, the glacial lobe had advanced into the project area for 19 
a third and final time. After ~17,500 years ago, the ice margin had retreated well north of the project area 20 
towards the Lake Michigan basin (Curry et al. 2011). 21 
 22 
Throughout the Wisconsin Episode glaciations in Illinois, the position of glaciers forming the Laurentide 23 
Ice Sheet shifted over time and at their margins a series of arcuate, steeply-sloping ridges (end moraines) 24 
formed of till delineate the extent of ice advance. These moraines greatly influenced the overall pattern of 25 
drainage and sediment deposition. With each successive glacial advance, a new drainage system developed 26 
on the landscape. Except in the deepest valleys where rivers and streams reoccupied their previous 27 
floodplains, the location of the new drainage channels were primarily controlled by the position of the 28 
moraines. Locally, some channels were cut across moraines that previously separated drainage basins.  29 
 30 
In the project area, the Wisconsin Episode glacial stratigraphy contains multiple deposits composed 31 
predominantly of diamicton (till) and associated meltwater sediment assigned to the Tiskilwa Formation 32 
and Batestown and Yorkville Members of the Lemont Formation (geologic mapping units 5WI, subunits 33 
5WI3, 5WI2, and 5WI1, respectively) (fig. 2-7). These diamictons have distinctive physical properties and 34 
lithology that are mappable across the project area (table 2-2). For example, diamicton of the Batestown 35 
Member (subunit 5WI2) has a sandy loam to silt loam texture, grayish brown to gray in color, contains 36 
more beds or lenses of sand, gravel or silt than the other diamictons. In previous studies, the Batestown 37 
Member till was found to have a higher illite clay mineral concentration than the underlying Tiskilwa 38 
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Formation till (subunit 5WI3) and less clay than overlying Yorkville Member till (subunit 5WI1) (Wickham 1 
1979a; Hansel and Johnson 1996). In cross section, the sedimentary units overlap, and pinch out beneath 2 
successively younger till in the up-ice direction (northeast) toward the Lake Michigan basin (fig. 2-7). At 3 
the land surface, the tills compose arcuate ridges (end moraines) and undulating to rolling uplands (ground 4 
moraine). 5 
 6 
Associated with each advance and retreat of glacial lobes during the Wisconsin Episode, deposits of sand 7 
and gravel were formed along meltwater channels located in front of the ice margins. Proglacial silt and 8 
clay accumulated in lakes ponded behind ice and sediment dams. In the subsurface, the deposits of sand 9 
and gravel formed during the first advance of the Laurentide Ice Sheet are assigned to the Ashmore Tongue 10 
of the Henry Formation (geologic mapping unit 8WI) (fig. 2-8). These deposits lie below Tiskilwa 11 
Formation till (subunit 5WI3). Along the Middle Fork River valley, deposits of silt and clay assigned to 12 
geologic mapping unit 5WI, subunit 2WI2 (fig. 2-8) were encountered above the Tiskilwa Formation till 13 
(plate 12-1 and fig. 2-7). The glaciolacustrine sediment was likely deposited when drainage along a 14 
paleovalley in the area was blocked during either melting of a glacial lobe that deposited Tiskilwa 15 
Formation till or advance of the Lake Michigan lobe that deposited Batestown or Yorkville Members tills 16 
(geologic mapping units 5WI, subunits 5WI2 and 5WI1, respectively. 17 
 18 
On the land surface, deposits of sand and gravel form elevated terraces, plains, and fans along the major 19 
river valleys, or where meltwater drained from the ice margins (fig. 2-31). The glaciofluvial sediment are 20 
assigned to geologic mapping unit 5WI, subunit 7WI (fig. 2-8). Massive to bedded silt and clay compose 21 
the nearly-flat plains between end moraines. These deposits were formed as meltwater flowing from 22 
retreating ice margins was blocked behind ice or sediment dams. These sediments are assigned to geologic 23 
mapping unit 5WI, subunit 2WI (fig. 2-8)  24 
 25 
Following the melting of the glaciers during a period of overall climatic warming, deposits of silt and fine 26 
sand blanketed the land surface across much of project area. This silt and sand (loess) accumulated 27 
downwind of major river valleys. High winds associated with the Wisconsin Episode glaciation picked up 28 
silt and fine sand from glaciofluvial deposits in these valleys. In the project area, these deposits are relatively 29 
thin (2–5 feet thick), and therefore are not differentiated in the 3-D geologic model and on the geologic 30 
cross sections. The sediments are assigned to the Peoria Silt lithostratigraphic unit (Willman and Frye 1970; 31 
Hansel and Johnson 1996).  32 
 33 
The present interglacial episode, known as the postglacial Hudson Episode (Hansel and Johnson 1996, 34 
Johnson et al. 1997), is characterized by a warm stable climate and development of the modern soil. 35 
Deposits formed during this most recent time period are sand, silt, clay and gravel (alluvium) in stream 36 
valleys (the Cahokia Formation – geologic mapping unit 5WI, subunit 4WI1), sand forming dunes and 37 
beaches along water bodies (the Henry Formation – geologic mapping unit 5WI, subunit 7WI), and silt and 38 
IAW Report 2007-02899  2012-02-20 
 
 
36 
 
clay accumulated in lakes (the Equality Formation – geologic mapping unit 5WI, subunit 2WI1) (fig. GF). 1 
These sediments have been deposited on the land surface over the past ~14,600 years. 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
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 22 
 23 
 24 
 25 
 26 
 27 
 28 
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Chapter 3 1 
Hydrogeology 2 
William S. Dey 3 
 4 
 5 
INTRODUCTION 6 
An aquifer is a body of saturated unconsolidated sediment or bedrock that yields sufficient quantities of 7 
groundwater to a well for its intended purpose. The primary aquifer units in the project area are sediments 8 
deposited by glaciers during Quaternary Period and locally deeper bedrock formations (fig. 3-1). The 9 
aquifers in the bedrock formations are most common in sandstone, karstic limestone, and dolomite that 10 
compose successions of sedimentary bedrock several thousand feet thick (Kempton et al. 1991). In part due 11 
to the widespread presence of aquifers in the glacial sediment, boreholes for water supplies are rarely drilled 12 
into the bedrock (Selkregg and Kempton 1958). 13 
 14 
Most of the aquifers in the project area are under confined or artesian conditions because the aquifer 15 
materials composing them are deeply buried and overlain by low-permeability tills and glaciolacustrine 16 
sediments. Exceptions to these conditions are found along the major river valleys (e.g., Sangamon River 17 
and Middle Fork of the Vermillion River where shallow deposits of sand and gravel are at the land surface, 18 
creating unconfined, or water table, conditions. In the valleys, the water table (shallow sand aquifer) may 19 
lie at or above the elevation of the rivers and streams, which may be sites of recharge or discharge from/to 20 
the aquifer (Roadcap et al. 2011). 21 
 22 
Under confined conditions, the tills act as confining layers which pressurize the aquifer and cause the water 23 
in a well to rise to a level above the top of the deposit of sand and gravel, known as the potentiometric head. 24 
In some low-lying areas of Iroquois and Vermilion Counties, the aquifer(s) are under flowing artesian 25 
conditions where the water level in a well will rise above land surface. In the project area, there may be 26 
multiple confined aquifers in the glacial sediments, each having a different potentiometric head. 27 
 28 
 29 
HYDROSTRATIGRAPHY 30 
The Mahomet aquifer is the largest glacial aquifer and the principal water resource in the project area. The 31 
Mahomet aquifer is composed of deposits of sand and gravel formed during the pre-Illinois and Illinois 32 
Episodes over the Mahomet Bedrock Valley (MBV) (fig. 3-2). These sediments were encountered above 33 
an elevation of 500 feet msl. — the elevation Horberg (1945; 1950) as the edge of the Mahomet Bedrock 34 
Valley. In this project, these sediments are assigned to the Mahomet Sand Member of the Banner Formation 35 
(subunits 8PIL1 and 8PIL2, figs. 2-3 and 2-4) and Pearl Formation (subunits 8IL1 and 8PIL2, figs. 2-3 and 36 
2-4). 37 
 38 
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Overlying the sediments assigned to the Banner Formation and Pearl Formation are multiple deposits of 1 
sand and gravel that form discontinuous layers. In is comprised of deposits of sand and gravel assigned to 2 
These include deposits of sand and gravel within or directly over the Vandalia Member till or coarse-grained 3 
sediments assigned to Unnamed units of the Glasford Formation (geologic mapping unit 6IL, subunit 6IL1 4 
and 6IL2; figs. 2-3 and 2-4). 5 
 6 
Above the Glasford Formation are sediments assigned to the Wisconsin Episode that contain thin, 7 
discontinuous deposits of sand and gravel. These deposits of sand and gravel are assigned to the Henry 8 
Formation. The lowermost deposits are encountered below diamicton of the Tiskilwa Formation (subunit 9 
5WI3, figs. 2-3 and 2-4) and are assigned to the Ashmore Tongue of the Henry Formation (geologic 10 
mapping unit 8WI, figs. 2-3 and 2-4). Deposits of sand and gravel were also encountered within or between 11 
tills of the Wisconsin Episode (geologic mapping units 5WI, subunits 5WI1, 5WI2, and 5WI3; figs. 2-3 12 
and 2-4) (Kempton et al. 1991; Larson et al. 2003). The uppermost deposits of sand and gravel were mapped 13 
at the land surface (See Chapter 11) and are assigned to (geologic mapping unit 5WI, subunit 7WI; figs. 2-14 
3 and 2-4).  15 
 16 
 17 
GROUNDWATER FLOW 18 
The aquifers are replenished over time by recharge, a process by which precipitation or seepage from rivers 19 
and streams infiltrates downward through sediments in the subsurface. The infiltration of surface drainage 20 
is most rapid where deposits of sand and gravel lie at or near the land surface. But over much of the project 21 
area, the infiltration of water is typically extremely slow and follows a complex path through the finer-22 
grained deposits (i.e., till and lake sediment) into the aquifer systems. Although, the vast network of drains 23 
and ditches built to lower the water table and drain land for agriculture or urban development has altered 24 
the natural hydrologic system, and now a portion of the infiltrating water is captured near the land surface 25 
and directed to the nearest river or stream, rather than infiltrating further into the subsurface. But elsewhere, 26 
the infiltrating surface water flows diffusely downward through the sediments into the underlying aquifers. 27 
The flow is typically through layers of sand and gravel in the till and lake sediment and where the fine-28 
grained sediments are weathered and fractured. The groundwater can move both horizontally and vertically 29 
along these discontinuities to reach the underlying aquifers. Even in the less permeable sediment, downward 30 
flow does occur. Estimates of this downward flux are less <1 inch/year (Wilson et al. 1998; Meyer et al. 31 
2009). 32 
 33 
Important recharge areas occur in the shallow sands along a leaky stream where there is a downward 34 
gradient and an interconnection to the deeper aquifers. Leaky stream segments have been found along the 35 
Sangamon River in Piatt County (Roadcap and Wilson, 2001) and along Sugar Creek in McLean County 36 
(Wilson et al., 1998). Streams with significant input from regional groundwater flow can be identified by 37 
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the 7-day, 10-year low flow values (Q7, 10) where all of the streamflow is likely to be from regional 1 
groundwater flow which does not greatly diminish during dry periods.  2 
 3 
The greatest uncertainty in our understanding of the regional groundwater hydrology lies with the complex 4 
nature of the glacial deposits that can cause unexpected hydraulic behaviors, such as interconnections 5 
between two seemingly separate aquifers. Water levels in the Mahomet and the Glasford Aquifers, for 6 
example, are often very close in elevation and exhibit similar hydraulic responses to the same events, even 7 
though drilling logs may show 50 feet of clay between the aquifers. The advances and retreats of the glaciers 8 
that covered east-central Illinois caused significant erosion, deposition, and reworking of existing 9 
sediments. The interglacial periods probably saw significant erosion and down cutting of streams. One 10 
extensive interglacial channel occurs in northwestern Champaign County (Stumpf and Dey, in press). Many 11 
of these complexities that cause the aquifer interconnections occur on a relatively small scale (< ¼ mile) 12 
and are simply too small to be intercepted by the widely spaced borings that are available to study. On an 13 
even smaller scale, fracturing of some of the till deposits may have occurred during the loading and 14 
unloading of the glacial ice, creating conduits for flow. 15 
 16 
Adding to the uncertainty is the potential for buoyancy failures (e.g., sand boils or clastic volcanoes) from 17 
the excessive groundwater pressures that may have developed during the advance and retreat of the glacial 18 
ice. As a glacier advanced over an aquifer confined by glacial till, pore pressure builds up as a response to 19 
the weight of the ice. This pressurization spreads to areas in front of the ice, and if the pressure head in front 20 
of the ice becomes more than roughly twice the thickness of the glacial till confining the aquifer, the 21 
resulting buoyant forces can lift the till upwards, creating a rupture in the till to relieve the pressure in the 22 
aquifer. The hole then fills with heaving aquifer sands creating hydraulic connections to subsequently 23 
deposited sands. In a glaciotectonic ridge in Sweden, Fernlund (1988) describes a clastic volcano formed 24 
in this manner that is 50 feet high and 600 feet across. With the many glacial advances and retreats across 25 
east-central Illinois, the hydraulic conditions may have been suitable for many of these features to form. 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
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 38 
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Chapter 4 1 
Geologic Database 2 
Andrew J. Stumpf and William S. Dey 3 
 4 
Over many years, an extensive database containing information about the geological, hydrogeological, and 5 
geophysical properties of unconsolidated sediments in the subsurface in Illinois has been developed. This 6 
database, which is maintained at the ISGS’ Geological Records Unit, contains the records submitted by 7 
drillers that have installed water wells, conducted exploration drilling for energy-resource companies, 8 
performed subsurface testing for private consultants, and drilled boreholes for other scientific agencies. The 9 
information presented in these records include the location of boreholes, drillers’ or geologists’ logs for the 10 
boreholes, details of water-well construction and testing, and engineering properties of the unconsolidated 11 
sediments and bedrock encountered. The database managed by the ISGS also includes the data acquired 12 
from near-surface resistivity and seismic geophysical surveys, and borehole geophysical logging. This 13 
database was the main source of information for this project. 14 
 15 
To complete the geologic mapping for this project, a subset of data from the ISGS database was extracted 16 
to construct a much smaller project database that would facilitate the more efficient management, analysis, 17 
and exchange of information within the scientific team. The resulting database containing data from the 15 18 
counties in east-central Illinois (fig. 1-3) holds over 43,500 records. Further, a second subset of primary 19 
data (containing 1878 records) was created for the project area to input into 3-D geologic model (fig. 4-1). 20 
Surface and borehole geophysical data were also used in the construction of this model. 21 
 22 
 23 
DATABASE CONSTRUCTION 24 
A database of geological, hydrogeological, and geophysical information was constructed using ESRI’s 25 
ArcMap™ software (version 9.3.1). Initially, geological information and associated location coordinates 26 
for each borehole was compiled using ISGS’s proprietary Illinois Log Interpretive System (ILES) 27 
containing specialized input and querying tools developed using Microsoft Office Access® software. The 28 
digital tabular data were imported from the ISGS’s borehole database that is managed using software from 29 
Oracle, Corporation. The data were assembled into separate tables organized by theme (e.g., geologic 30 
information was imported into the DESCRIPTIVE_LOG table). Once the database was finalized and 31 
borehole logs standardized (see Standard Borehole Logs), a spatial point dataset was created of the borehole 32 
locations as an ESRI shapefile (.shp). Along transects of surface seismic data acquisition, additional data 33 
points were digitized and added to the shapefile as controls points for modeling the bedrock surface.  34 
 35 
Information necessary for the geologic modeling not available in ISGS’s Oracle database was added to the 36 
shapefile. For example, land-surface elevations were not available for all locations of the boreholes. 37 
Therefore, it was necessary to analyze the data to acquire these elevations. Using the Extract Values to 38 
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Points tool in ArcGIS® Spatial Analyst, an optional extension to ArcGIS® Desktop software, grids of land-1 
surface elevation for the project area (i.e., 4-foot resolution grid of LiDAR data of Champaign County and 2 
USGS elevation grid with a 30 m cell-spacing) were analyzed to determine the land-surface elevations at 3 
each borehole. Also, standardized descriptions of geologic materials encountered in each borehole were 4 
added to the database as described in the next section. These standardized descriptions were analyzed and 5 
interpreted so that the geologic materials could be assigned to one of the geologic mapping units.  6 
 7 
STANDARD BOREHOLE LOGS 8 
Drilling logs filed from the installation of water wells and subsurface investigations contain descriptions of 9 
unconsolidated sediments and bedrock encountered in the drilled borehole. The drilling logs for water wells 10 
are the most abundant source of information for this geologic mapping. Analysis and interpretation of the 11 
information can reveal mappable relationships between the geologic units. However, because this 12 
information is recorded by many individuals (100s of drillers, engineers, and geologists) many 1000's of 13 
descriptions are unique, even though the descriptions of sediment and bedrock may be similar or the same. 14 
For example, within the project area 5474 borehole records have a total of 40,237 descriptive entries. Of 15 
those descriptive entries, 11,704 are unique and 9595 appear only once. 16 
 17 
To expedite comparison, analysis, visualization, or symbolization of these descriptive terms in software 18 
applications like ArcGIS® Desktop, the terms must be standardized to reduce the number of unique 19 
possibilities. The intention of the standardization process is to replicate the original description, as closely 20 
as possible, without changing the original meaning of the description.   21 
 22 
To complete the standardization process for this project, a database utility was created with a user-friendly 23 
interface to simplify the process of creating complex queries and applying standard terms to large subsets 24 
of data (figs. 4-2 and 4-3). A customized Microsoft Office Access® form provides for easy query building 25 
and facilitates efficient grouping of similar descriptive terms. Groups of similar terms can be assigned 26 
standard terms available in lookup tables. Lookup tables enforce consistent assignment. Terms in the lookup 27 
tables (fig. 4-4) where chosen based on terms in the original descriptions. Additional terms were added to 28 
the look-up table in cases where the existing information did not correlate to a description. 29 
 30 
For this dataset, five descriptive types were derived from the original, single description and those were 31 
parsed into five fields—lithology, color, consistency, and two modifier fields, each populated from a 32 
corresponding lookup table (fig. 4-4). To simplify the symbolization and visualization of the standardized 33 
lithologic terms, a number of the terms that appear as a similar description of the lithology were grouped 34 
together and were assigned a value in an interpreted field (fig. 4-5). The standardization process used for 35 
this project is similar to the methodology employed at the Indiana Geological Survey (Brown et al. 2000). 36 
 37 
 38 
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VERIFICATION OF BOREHOLE LOCATIONS  1 
Efforts were made to establish an accurate location of all the boreholes listed in the primary data set, both 2 
by inspection in the field and cross-referencing the location information to other records in the office. 3 
Verification of a location in some instances resulted in revised location information being added to the 4 
project database. All boreholes were ranked for the quality or accuracy of the information describing their 5 
location. With the location of each borehole accurately defined, a digital elevation model was used to define 6 
the land-surface elevation of the location of each borehole in the project database. 7 
 8 
Borehole locations that were field-verified by a geologist either by surveying or using a Geographic 9 
Positioning System (GPS) were ranked 5. A rank of 4 was assigned to locations verified by matching the 10 
well owner’s name as recorded on the drilling log with a given house or street address. A borehole location 11 
verified by matching a property owner’s name from the log with a given parcel of land was ranked 3. 12 
Boreholes with locations that could not be verified were ranked 2. Boreholes having unintelligible or 13 
questionable location information were ranked 1. 14 
 15 
 16 
 17 
 18 
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Chapter 5 1 
Wireline Drilling, Continuous Core Collection, Groundwater Monitoring Well 2 
Installation 3 
Andrew J. Stumpf, William S. Dey, and David R. Larson 4 
 5 
A primary objective of this project was to collect subsurface geological information in the project area 6 
where data were lacking and to expand the regional groundwater monitoring network. The results of the 7 
core descriptions and analyses were compiled with the existing geological information collected in previous 8 
studies (e.g., Soller et al. 1999) to construct maps of each geologic mapping unit. 9 
 10 
Boreholes extending from the land surface into bedrock were drilled to collect continuous core or samples 11 
of glacial and nonglacial sediment and bedrock (figs. 5-1 and 2-9). A total of fifty-nine boreholes were 12 
drilled for this project between 2007 and 2009. Continuous core was collected from twenty-nine of the 13 
boreholes, and samples of the sediments and bedrock collected from an additional eight boreholes (table 1-14 
1). Five of the twenty-nine boreholes having core are located outside the project area (fig. 1-5). These 15 
boreholes were completed to help interpret the geological information from boreholes that lie near the 16 
boundary of the project area. The boreholes were drilled by the ISGS using CME-75 and Mobil-50 wireline 17 
mud-rotary drill rigs. An inner barrel sampler was used to for collect the continuous cores. As the core was 18 
taken from the borehole, the outside was washed to remove drilling mud prior to boxing for storage. The 19 
core was split in half in the field or laboratory to examine the physical characteristics. The core was allowed 20 
to air-dry before storing.  21 
 22 
Groundwater monitoring wells were installed in a total fifty-six boreholes to measure the hydraulic head in 23 
the Mahomet aquifer and the overlying aquifers. The monitoring wells were installed in boreholes having 24 
a diameter of 5½ inches and a PVC casing ended with 5–10 foot-long well screen. Both the PVC casing 25 
and the screen are 2 inches in diameter. Two hollow-stem augers with a diameter of 11¼ inches were 26 
installed to a depth of 10 feet at the beginning of the drilling process to help stabilize and protect the casing 27 
from collapse of sediments near the land surface. After the well screen and casing were installed, a sand 28 
pack was put in place around and above the screen (fig. 5-2). Once the top of sand pack was at the desired 29 
depth, the space between the casing and the borehole sidewall was sealed with 3/8-inch diameter coated 30 
bentonite pellets to form a seal between 5 and 8 feet thick. Above this seal, the annulus was filled to the 31 
bottom of the hollow-stem augers with grout containing 20% solids made by mixing BENSEAL® and EZ-32 
MUD® in water (fig. 5-2). The hollow-stem augers were then removed and the remaining annulus was 33 
sealed with 3/8-inch diameter granular HOLEPLUG®. Above borehole at the land surface, a well protector 34 
was set in place and a concrete pad constructed above the borehole plug and around the protector (fig. 5-35 
1D). 36 
 37 
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Chapter 6 1 
Near Surface Reflection Seismic 2 
Ahmed M. Ismail, Andrew J. Stumpf and William S. Dey 3 
 4 
SUMMARY 5 
Near-surface seismic reflection surveys undertaken in three separate parts of the project area has identified 6 
19 different seismic units in the glacial and nonglacial sediments. Because the geology in the three seismic 7 
areas is different, very few seismic units could be directly correlated between the areas. All the surveys 8 
were able to image the bedrock surface. In seismic areas 1 and 2, multiple bedrock units were delineated, 9 
including folded strata associated with the La Salle Anticlinorium. 10 
 11 
Seismic unit A includes deposits of sand and gravel that comprise the Mahomet aquifer. These sediments 12 
contain fairly weak reflectors; a few coincide with intra-unit boundaries. There is a lack of significant 13 
contrast in seismic velocity between this unit and the adjacent sediments to delineate the top surface across 14 
the entire seismic area 1. Where delineated, the top of seismic unit A lies at elevations between 492 and 15 
574 feet msl. 16 
 17 
Some seismic units were delineated in all the surveys. The uppermost seismic units D, J, and R in seismic 18 
areas 1, 2, and 3, respectively include tills and glaciofluvial sediments deposited during the Wisconsin 19 
Episode. The continuous deposits underlying sediment of the Wisconsin Episode comprised of diamicton, 20 
sand and gravel, and silt and clay assigned to seismic units B, I, and P are thought to have been formed 21 
when glaciers melted late in the Illinois Episode. In seismic area 1, related sediments underlying seismic 22 
unit B that form valley or channels fills inset into older sediments from the Illinois and pre-Illinois Episodes 23 
are assigned to seismic unit C. Seismic units B, H, and N include the Vandalia Member till; a continuous 24 
deposit encountered across the project area.      25 
 26 
 27 
INTRODUCTION 28 
Undertaking geophysical land-based surveys to map the near-surface bedrock and the overlying 29 
unconsolidated sediments has been shown to be much less costly than conducting an extensive drilling 30 
program (Steeples and Miller 1990). For example, the ISGS can collect seismic reflection data along a 1 31 
mile transect for ~$3000, whereas drilling a single borehole costs ~$8000. Acquisition of geophysical data 32 
is also non-invasive and time-efficient, and can be used to map the subsurface geological and hydrological 33 
systems over larger areas. The most commonly used near-surface geophysical methods for mapping these 34 
systems include ground penetrating radar (GPR), seismic reflection, and electrical resistivity. The data 35 
collected by these methods are of high resolution and can be used to resolve subsurface features at varying 36 
scales. 37 
 38 
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Selecting the appropriate geophysical method depends on many factors, including the depth to the target 1 
and the geology and structures that overlie the target. These factors are important, but moreover, the 2 
accessibly of the surveyed site and available budget for the geophysical survey are the primary limitations 3 
influencing the method chosen. 4 
 5 
The near-surface seismic surveys described in this report were conducted in the project area where deposits 6 
of glacial and nonglacial sediment, having an average total thickness of over 300 feet (91 m), overlie shale 7 
or dolomite bedrock. These sediments are often clay-rich in texture and may have layers that are water 8 
saturated or contain “drift” or methane gas. The relatively high clay and moisture contents prohibit the use 9 
of the GPR method for mapping the bedrock surface below these sediments. On the contrary, the electrical 10 
earth resistivity method is a fairly suitable technique to implement for imaging these sediments. Moisture 11 
and clay contents are the two most important properties that control the depth that resistivity can be used. 12 
Nevertheless, delineating the bedrock surface below these sediments is still a challenge using the resistivity 13 
method. Penetrating to these depths requires approximately a 1500 foot-long cable on the ground that is not 14 
easily transported and set out along the survey line. The requirements for acquiring this high resolution data 15 
become even more restrictive when attempting to image shale bedrock, which often has no significant 16 
resistivity contrast sediments that are moist and have a high silt or clay content. 17 
 18 
High resolution seismic reflection methods have been largely used for mapping bedrock and the overlying 19 
unconsolidated sediments in Illinois (e.g., Ismail et al. 2009; Pugin et al. 2004b). The strength of seismic 20 
reflection waves reflected by the bedrock surface depends on the acoustic impedance contrast, which is 21 
fairly significant between the bedrock and the overlying sediments. The seismic reflection method also can 22 
differentiate between sediment having high clay and sand contents if the deposits they comprise attain a 23 
sufficient thickness, typically greater than 20 feet (6 m) thick. In addition, seismic reflection data can be 24 
collected more quickly than other geophysical methods, especially along linear, flat, and low-traffic roads 25 
and trails, which are common in rural areas of Illinois. Typically, data can be collected along one mile of 26 
road in one day using the landstreamer seismic reflection acquisition system manufactured by the ISGS. 27 
 28 
 29 
METHODS 30 
Near-surface seismic reflection surveys measure the propagation velocity and amplitude of elastic (seismic) 31 
waves in the subsurface. There are two groups of seismic waves: 1) body waves which are capable of 32 
travelling through the subsurface and 2) surface waves that travel across the land surface. Body waves 33 
include compressional (P) and shear (S) waves. P-waves are the fastest type of seismic waves and their 34 
movement is parallel to the direction of wave propagation. Shear waves are slower than P-waves and travel 35 
perpendicular to the direction of wave propagation. P-wave velocity depends on both the texture of the 36 
unconsolidated sediments or bedrock and the infills of pore space, and these waves are able to move through 37 
both the matrix and pore spaces. S-wave velocity depends only on the properties of the sediment or rock 38 
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matrix, and the waves only move through the matrix. Therefore, the movement of P-waves is more 1 
dependent on their porosity and degree of saturation, and therefore is a more suitable tool for groundwater 2 
exploration. 3 
 4 
Surveys and Acquisitions 5 
Fourteen P- and S-wave seismic reflection surveys conducted along transects with a total length of 30 miles 6 
(48 km) were conducted in three separate areas covering parts of Champaign County and southern Ford 7 
County (figs. 6-1 to 6.4). Of the fourteen lines of survey, P-wave reflection data was collected along 12 8 
lines to primarily map the bedrock surface and the overlying unconsolidated sediments deposited during 9 
the Quaternary Period. The S-wave reflection data was collected along two seismic survey lines in seismic 10 
survey area 3. 11 
 12 
S-wave reflection surveys collect higher resolution data as compared with the P-wave method, but the S-13 
wave method has a limited depth of penetration, typically <100 feet (33 m). This depth of penetration was 14 
well above the bedrock surface in the project area, where the bedrock lies between 290 and 350 feet below 15 
the land surface (table 6-1). The P-wave data was collected using the P-wave land-streamer technology, a 16 
system designed and manufactured by the ISGS (fig. 6-5). This land streamer system consists of 48 17 
geophones mounted on metal sleds spaced at 6.5 feet (2 m) intervals along 312 feet (96 m) of cable. The P-18 
waves are generated by dropping a 100-pound weight onto a ground-coupled metal base plate (fig. 6-5). 19 
The additional acquisition and survey parameters for the P-wave method are provided in table 6-2. The S-20 
wave land streamer system consists of 24 geophones mounted on metal sleds spaced at 2.5 foot (0.75 m) 21 
intervals along 60 feet (32 m) of cable. The shear waves are generated by striking the horizontal axle of a 22 
rolling metal cylinder with a 2-pound hammer (fig. 6-5). The additional acquisition and survey parameters 23 
for the S-wave method are provided in table 6-3. 24 
 25 
Within seismic survey area 1, P-wave seismic reflection data was collected along five survey lines in the 26 
summer of 2007 (fig. 6-2). The surveys were completed over 10.3 miles of county road in western 27 
Champaign County. Two surveys, Line 721 and Line 825 were conducted from north to south along County 28 
Roads 400E and 600E, respectively. The remaining three surveys, Line 717, Line 720, and Line 722 were 29 
conducted from east to west along County Roads 1800N, 1700N, and 1675N, respectively. The five surveys 30 
were conducted over the Mahomet Bedrock Valley (MBV) (fig. 6-2). 31 
 32 
In seismic survey area 2, P-wave data was collected in three surveys along 13 miles (21 km) of county road 33 
(fig. 6-3) from 2007 to 2009. The main objectives of these surveys were, 1) to map extent of the Pesotum 34 
Bedrock Valley in the area (its extent was previously mapped with limited subsurface geological or 35 
geophysical data); and 2) characterize the sediments filling the bedrock valley. Seismic surveys Line 710 36 
and Line 901 were conducted from north to south along part of County Road 800E (fig. 6-3). The northern-37 
most survey, Line 710, was completed in 2007. Following the processing and interpretation of data 38 
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collected from Line 710, a second survey (Line 901) was completed in 2009 in an attempt to map the 1 
western edge of the Pesotum Bedrock Valley. The edge of the bedrock valley was not encountered in survey 2 
Line 710. The seismic survey Line 801 was completed in 2008 from north to south along County Road 3 
700E (fig. 6-3). P-wave reflection data was collected in surveys Line 802 and Line 902 in 2008 and 2009 4 
along County Road 900N. The two surveys were conducted from west to east.  5 
 6 
The seismic survey area 3 is located in northeast Champaign County and southern Ford County over an 7 
area having a higher topographic relief than in the other two seismic survey areas. This seismic survey area 8 
is situated over morainal uplands near the county line, the floodplain of the Middle Fork River, and end 9 
moraines of the Illiana Morainic System (figs. 6-4). The seismic surveys were undertaken to, 1) map the 10 
topography of the bedrock surface in the MBV; 2) determine the spatial extent and distribution of the 11 
deposits of sand and gravel (some potentially water saturated); 3) characterize the sediments that infill the 12 
MBV. The edge of the MBV was previously mapped across the northern part of the seismic survey area 3 13 
(Kempton et al. 1991). Six seismic surveys were conducted along 6.8 miles (11 km) of county road (fig. 6-14 
4). S-wave reflection data was collected along two lines of survey, while P-wave reflection data was 15 
collected along four additional lines. In 2008, the two S-wave seismic surveys, Line 805 and Line 806, were 16 
conducted from west to east along County Roads 3600N and 3400N, respectively (fig. 6-4). Two P-wave 17 
surveys, Line of 803 and Line 804 were conducted from north to south along County Road 2500E the same 18 
year. A break between surveys Line 803 and Line 804 was necessary to navigate sharp curves in the road 19 
between the Middle Fork River and County Highway 30. This part of County Road 2500E was later 20 
surveyed in 2010 (Line 1001) using the P-wave method with shorter-spaced geophones. Also in 2010, the 21 
seismic survey Line 903 was conducted from west to east along County Road 3600N to intersect with Line 22 
803 (fig. 6-4). 23 
 24 
Data Processing and Analysis 25 
The acquired S-wave data were converted from SEG-2 into SEG-Y format and imported into Haliburton’s 26 
Landmark ProMax® seismic data processing software. The preprocessing stage involved converting the 27 
SEG-Y data format into ProMax® internal format. This conversion was followed by merging the field 28 
geometry to the file headers, trace scaling, filtering, time-varying spectral analysis, elevation static 29 
correction, velocity analysis, normal move-out correction (NMO), and stacking. To enhance the quality of 30 
the stacked S-wave seismic lines, the common mid-point (CMP) stacking fold was increased from 6 to 12 31 
by sorting the data with a bin size of 0.75 m instead of 0.38 m. A similar procedure was undertaken to 32 
process the P-wave seismic data. Additional steps required in the processing included data editing, careful 33 
top-mute to eliminate the guided waves, and refraction static correction. The stacked seismic lines were 34 
converted from amplitude-time to amplitude-depth format using the computed stacking velocity calculated 35 
during the processing and the measured downhole seismic data from boreholes along the seismic survey 36 
lines. The processed data was imported into Seismic Micro-Technology, Incorporated’s Kingdom™ 37 
software for plotting and interpretation. 38 
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RESULTS 1 
Because the near surface seismic reflection surveys were undertaken in three discrete regions of the project 2 
area, each having different surficial and subsurface geologies that affect the analysis of seismic reflection 3 
data, it was decided to present the results from each area separately. Not all seismic units could be correlated 4 
between the areas. Therefore, each unit was labeled with unique alphanumeric characters. In addition to 5 
presenting the results and interpretation for each seismic area, a brief description of the surface and 6 
subsurface geology is provided. For each seismic reflection survey, the seismic data are presented as 7 
profiles in cross section. The horizontal scale of the interpreted depth and converted lines are in meters and 8 
feet, and elevation along the vertical scale in feet and meters msl. (above mean sea level). 9 
   10 
Area 1 11 
The seismic survey area 1 encompasses the flat to undulating till plain located southwest of the Champaign 12 
Moraine (fig. 6-2) and east of the Cerro Gordo Moraine. The area is drained from northeast to southwest 13 
primarily along Kaskaskia Ditch, Camp Creek, and the Sangamon River. The new well field built by the 14 
Illinois-American Water Company (ILWAC) near the Village of Bondville is also located in this seismic 15 
area (fig. 6-2). The surficial deposits are predominantly comprised of diamictons (tills) having sandy or 16 
silty loam textures formed during the Wisconsin Episode glaciation, and in this project are assigned to the 17 
Batestown Member of the Lemont Formation and Tiskilwa Formation (geologic mapping unit 5WI, 18 
subunits 5WI2 and 5WI3) (figs. 2-3 and 2-4). The tills of mapping unit 5WI are finer in texture on the 19 
topographic highs. Deposits of sand and gravel interpreted as glaciofluvial sediment assigned to the Henry 20 
Formation (geologic mapping unit 7WI) form outwash terraces and plains along a broad segment of the 21 
Sangamon River Valley southwest of the Village of Mahomet (fig. 6-2). These sediments were deposited 22 
by glacial meltwater at the end of the last glaciation (Wisconsin Episode). 23 
 24 
In the project area, the Batestown Member and Tiskilwa tills were encountered within 100–140 feet (30–25 
43 m) of the land surface and overlie sediments deposited during the Illinois and pre-Illinois Episodes. The 26 
uppermost sediments deposited during the Illinois Episode include diamicton, silt and clay, and sand and 27 
gravel assigned to Unnamed unit 1 of the Glasford Formation (geologic mapping unit 6IL, subunit 6IL1) 28 
(figs. 2-3 and 2-4). The sediments assigned to this unit were encountered over the entire seismic area. 29 
Locally in seismic survey area 1, sediments assigned to Unnamed unit 2, Glasford Formation (geologic 30 
mapping 6IL, subunit 6IL2) infill a valley or deeply incised channel(s) that cross Piatt County northeast to 31 
Ford County (See the Illinois Episode section in Chapter 2). These deposits overlie loam-textured diamicton 32 
(till) assigned to Vandalia Member of the Glasford Formation (geologic mapping unit 5IL, subunit 5IL1; 33 
figs. 2-3 and 2-4). Locally, this till overlies glaciolacustrine sediment (deposits of silt and clay) assigned to 34 
an Unnamed tongue of the Teneriffe Silt (geologic mapping unit 5IL, subunit 2IL). 35 
 36 
In seismic survey area 1, the lower part of the sequence containing sediments assigned to the Illinois 37 
Episode includes deposits of sand and gravel forming outwash plains and terraces from the glacial advance 38 
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that deposited the Vandalia Member till. These deposits of sand and gravel are assigned to the Unnamed 1 
tongue 1, Pearl Formation (geologic mapping unit 8IL, subunit 8IL1; figs. 2-3 and 2-4). They range in 2 
thickness from 20–60 feet (6–18 m) and commonly overlie deposits of sand and gravel assigned to 3 
Mahomet Sand Member of the Banner Formation (geologic mapping unit 8PIL, subunits 8PIL1 and 8PIL2; 4 
fig. 6-6). The deposits of sand and gravel assigned to unit 8PIL are interpreted as glaciofluvial sediment 5 
that partially fills the MBV. Locally, silt, sand, and diamicton lying below deposits assigned to subunit 6 
8PIL2, but above the bedrock surface is believed to be preglacial in origin and assigned to geologic mapping 7 
unit 11, subunit 4PIL2 (figs. 2-3 and 2-4). The sediments assigned to subunits 8PIL2 and 4PIL2 overlie 8 
Pennsylvanian-age bedrock (geologic mapping unit 11, subunit 11R) that includes shale, siltstone and 9 
sandstone of the Tradewater Group (figs. 2-6 and 6-6; the Upper bedrock unit in fig. 6-7). The P-wave 10 
seismic reflection method was also able to penetrate deep enough into the bedrock to image a contact 11 
between strata of the Pennsylvanian Period and the underlying Mississippian-age limestone and siltstone 12 
(fig. 2-6; the Lower bedrock unit in fig. 6-7). 13 
  14 
Seismic units 15 
In this seismic survey area, the data collected from the P-wave seismic reflection surveys can be used to 16 
delineate the bedrock surface. The bedrock surface is the most prominent and laterally coherent reflector 17 
along all the seismic lines (figs. 6-7 to 6-11). The depth to bedrock ranges in elevation from 300–459 feet 18 
(91–140 m). The bedrock surface is relatively flat-lying with very few undulations. Although vertical 19 
seismic velocities were not measured in the bedrock because the boreholes were either not open below the 20 
bedrock surface or drilling did not penetrate deep enough into the bedrock to allow borehole geophysical 21 
logging, the profiles from the surveys do show seismic stacking velocities almost twice those measured in 22 
the geologic materials overlying the bedrock. In these surveys, the seismic waves penetrated somewhat 23 
deeply, approximately 100 feet (30 m) into bedrock. In seismic survey area 1, the bedrock that was imaged 24 
can be subdivided into two seismic units, one assigned to Pennsylvanian-age strata (Upper bedrock in figs 25 
6-7 to 6-11) and Mississippian and older rocks (Lower bedrock in figs 6-7 to 6-11). The Mississippian and 26 
older rocks subcrop at the bedrock surface along the western two-thirds of survey Line 722 (fig. 6-9). There, 27 
the Pennsylvanian-age rocks have likely been eroded by glaciers or meltwater. The identification of vertical 28 
and lateral variations in the bedrock from the P-wave data suggests the seismic reflection method may be 29 
successfully used for mapping deeply buried bedrock contacts and structures.  30 
 31 
Overlying the bedrock surface are sediments having a glacial or preglacial origin deposited during the 32 
Quaternary Period and earlier. Distinct seismic units bounded by prominent reflectors produced within the 33 
deposits are labeled alphabetically from A–D on the seismic reflection lines (figs. 6-7 to 6-11). Assigning 34 
these reflectors to discrete geophysical (seismic) units was based partially on the geological and geophysical 35 
information collected in boreholes along or in the vicinity of seismic survey lines (table 6-1 and fig. 6-6) 36 
and variations in nature of the seismic reflections.  37 
 38 
From bottom to top, the seismic units identified in the seismic survey area 1 are: 39 
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 1 
Seismic unit A includes glaciofluvial sediments that directly overlie the bedrock surface (unit shaded in 2 
yellow in figs. 6-7 to 6-11). These sediments compose deposits that contain fairly weak reflectors compared 3 
to the overlying sediments. This seismic unit includes deposits of sand and gravel assigned to the Mahomet 4 
Sand Member of the Banner Formation (geologic mapping unit 8PIL, subunits 8PIL1 and 8PIL2) and the 5 
Pearl Formation (geologic mapping unit 8IL, subunit 8IL1). The unit has an average thickness of 131 feet 6 
(40 m). Because the sediments of these three subunits cannot be routinely differentiated analyzing the P-7 
wave data, it was necessary to collectively assign them to the same seismic unit. 8 
 9 
The top of seismic unit A is poorly delineated in most of the surveys because there lacks a significant 10 
contrast in seismic velocity between these deposits of sand and gravel that are commonly water-saturated 11 
and the overlying finer-textured sediment assigned to seismic units B and C (figs. 6-7 to 6-11). Where 12 
delineated, the upper contact of seismic unit A lies at an elevation between 492 and 574 feet (150 and 175 13 
m) msl. Within seismic unit A, there appears to be a number of intra-unit boundaries delineated by series 14 
of discontinuous, horizontal reflectors. Only one of these reflectors has been identified from the geological 15 
data, and correlates to the contact between subunits 8PIL1 and 8PIL2. Because the reflector is discontinuous 16 
and not distinguished in all the surveys, this seismic unit was not subdivided further. 17 
 18 
Seismic unit B includes sediments that compose deposits containing a series of horizontal, somewhat 19 
connected reflectors. The bottom of this unit is not well defined, but the reflectivity is stronger than in 20 
seismic unit A. From the geological and geophysical information collected in the boreholes, seismic unit B 21 
is composed of finer-textured sediment, including diamicton and deposits of sand and gravel or silt, fine 22 
sand and clay formed during the Illinois Episode (table 6-1). These sediments are assigned to geologic 23 
mapping units 5IL and 6IL (fig. 6-6). The top of this unit is delineated by a prominent and coherent reflector 24 
that lies at an elevation between 656 and 689 feet (200 and 210 m) msl. (figs. 6-7 to 6-11). Over much of 25 
seismic area 1, this reflector represents the contact between seismic unit B and sediments deposited during 26 
the Wisconsin Episode (mapping unit 5WI). 27 
 28 
Seismic unit C includes sediments that fill a valley or series of channels formed during the Illinois Episode. 29 
The incision occurred when meltwater or glaciers eroded into older glacial and nonglacial sediments. The 30 
valley or channel(s) were encountered in all the survey (figs. 6-7 to 6-11). These features are 2000–6300 31 
feet (645–1930 m) wide, and extend vertically to an average depth of 180 feet (55 m) below the land surface. 32 
From only a few boreholes drilled into these features, the geological and geophysical information collected 33 
suggest the valley or channel(s) are filled with deposits containing diamicton, silt and clay, and sand and 34 
gravel. These sediments are assigned to Unnamed unit 2 of the Glasford Formation (geologic mapping unit 35 
6IL, subunit 6IL2) (figs. 2-3 and 2-4). 36 
 37 
Seismic unit D includes sediments that are found to be continuous deposits in all the surveys (figs. 6-7 to 38 
6-11). These deposits are predominantly comprised of tills assigned to the Batestown Member of the 39 
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Lemont Formation and Tiskilwa Formation (geologic mapping unit 5WI, subunits 5WI2 and 5WI3, 1 
respectively). The Batestown Member till outcrops at the land surface. Seismic unit D has a strong and 2 
coherent reflector at its base, and a weaker reflector in the middle of the unit that corresponds to the contact 3 
between Batestown Member and Tiskilwa Formation tills. The thickness of seismic unit D averages 95 feet 4 
(29 m).  5 
 6 
Area 2 7 
The seismic survey area 2 lies entirely over the Pesotum Bedrock Valley (fig. 6-3), a tributary to the MBV 8 
(fig. 2-5). No expression of this bedrock valley is observed at the land surface. The bedrock valley lies 9 
below end moraines (Arcola, Pesotum, and West Ridge Moraines) and undulating morainal plains (fig. 6.3) 10 
formed during the last glaciation (Wisconsin Episode), and sediments deposited during the Illinois Episode 11 
(fig. 6-12). The diamicton (till) and proglacial meltwater sediments forming the surficial landforms are 12 
assigned to Batestown Member of the Lemont Formation and Tiskilwa Formation (geologic mapping unit 13 
5WI, subunits 5WI2 and 5WI3; figs 2-3 and 2-4). The tills have a loam to sandy loam texture, but deposits 14 
of finer-textured till or silt and clay (glaciolacustrine sediment) are mapped in low-lying areas in the 15 
northwestern part of seismic survey area 2. 16 
 17 
The Tiskilwa Formation till overlies deposits containing layers of diamicton, silt and clay, and sand and 18 
gravel that are assigned to the Unnamed unit 1 of the Glasford Formation (geologic mapping unit 6IL, 19 
subunit 6IL1; figs 2-3 and 2-4). These deposits are approximately 70 feet (20 m) thick and continuous 20 
across seismic survey area 2 (table 6-1 and fig. 6-12), and overlie loam-textured diamicton (till) assigned 21 
to Vandalia Member of the Glasford Formation (geologic mapping unit 5IL, subunit 5IL1). The Vandalia 22 
Member till is underlain by deposits of silt and clay (glaciolacustrine sediment) assigned to the Teneriffe 23 
Silt (geologic mapping unit 5IL, subunit 2IL; figs. 2-3 and 2-4), and locally by deposits of sand and gravel 24 
(glaciofluvial sediment) correlated to the Pearl Formation (geologic mapping unit 8IL; subunit 8IL2; figs. 25 
2-3 and 2-4). 26 
 27 
Lying below the sediments assigned to the Glasford and Pearl Formations are deposits of diamicton (till), 28 
silt, sand, and clay (glaciolacustrine sediment) that were formed during the pre-Illinois Episode (fig. 6.12). 29 
The tills are assigned to the Tilton, Hillery, and Harmattan Members of the Banner Formation (geologic 30 
mapping unit 5PIL, subunits 5PIL1, 5PIL2, and 5PIL3, respectively) (figs. 2-3 and 2-4) These tills are 31 
separated by silt and clay deposited during the advance of glaciers that formed Hillery Member and 32 
Harmattan Member tills, and are assigned to Unnamed units 1 and 2 of the Banner Formation (geologic 33 
mapping unit 5PIL, subunits 2PIL1 and 2PIL2; figs. 2-3 and 2-4). Locally, below these deposits of  silt and 34 
clay assigned to subunit 2PIL2 lies deposits of diamicton, silt, and sand (fig. 6-12) assigned to geologic 35 
mapping unit 11, subunit 4PIL2 (figs. 2-3 and 2-4). The deposits of subunit 4PIL2 range in thickness from 36 
30–50 feet (9–15 m). These deposits are interpreted to form alluvial terraces and plains, colluvial fans and 37 
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slopewash deposits, or residuum (rock debris) constructed on the bedrock surface prior to the first glacial 1 
advance of the pre-Illinois Episode.  2 
 3 
Similar to seismic survey area 1, the bedrock surface is represented by the most prominent and laterally 4 
coherent reflector on the seismic survey profiles (figs. 6-13 to 6-15). The top of bedrock lies at elevations 5 
between 371 and 410 feet (113 and 125 m) msl. Along the southern part of Line 710, and in Line 910 the 6 
bedrock surface rises to a maximum elevation of 413 feet (126 m) msl. (fig. 6-13). The lowest elevation of 7 
the bedrock surface measured was 371 feet (113 m) msl. in the central part of seismic survey area 2 during 8 
surveys Line 710, Line 901, and Line 801 (figs. 6-13 and 6-14). The overall trend in the bedrock surface 9 
(increasing in elevation from north to south) deviates slightly near borehole CHAM-07-03A in Line 710 10 
where the bedrock surface undulates, slightly (fig. 6-13). In addition, in Line 710 at station 1250 m, 11 
reflections from older, folded rocks truncate reflections from the overlying younger bedrock; rocks that 12 
thicken to the north and south. Considering the configuration of these reflectors and the mapped bedrock 13 
structures in the area (Nelson 1995), it is likely the survey was run at an oblique angle to the La Salle 14 
Anticlinorium. Here this structural feature is delineated by a series of dipping reflectors, and the younger 15 
Devonian and Pennsylvanian rocks (represented by the near-horizontal reflectors) were deposited around 16 
this structural high. Regardless of the rock lithology, seismic velocities of the bedrock are much higher than 17 
the unconsolidated sediments lying above. Other, more subtle inclined reflectors were identified in Line 18 
802 and Line 902 where the bedrock surface drops by approximately 131 feet (40 m), with an isolated rise 19 
in the bedrock surface between stations 500 and 750 m (fig. 6-15). It is likely these depressions were formed 20 
by erosion from either water or ice during the pre-Illinois Episode.  21 
 22 
Seismic units 23 
Prominent seismic reflectors were identified within the unconsolidated sediments and bedrock in the area 24 
and are labeled alphabetically on the seismic reflection lines (figs. 6-13 to 6-15). Assigning these reflectors 25 
to discrete geophysical (seismic) units was based partially on the geological and geophysical information 26 
in new boreholes (table 6-1) and boreholes drilled previously (e.g., fig. 6-12), along or in the vicinity of the 27 
seismic surveys (figs. 6-13 and 6-14).  28 
 29 
From bottom to top, the seismic units identified in the seismic survey area 2 are: 30 
 31 
Seismic units E, F, and G include the oldest glacial and nonglacial sediments, which lie on the bedrock 32 
surface. In Line 801 and parts of Line 802 and Line 902 (figs. 6-14 and 6-15), seismic unit E includes 33 
deposits of sand and gravel, interpreted to be preglacial in origin, and are assigned to the Unnamed unit 4 34 
of the Banner Formation (geologic mapping unit 11, subunit 4PIL2). Seismic unit F includes fine-textured 35 
till, fine sand, and bedded or laminated silt and clay assigned to the Harmattan Member till and Unnamed 36 
unit 2 of the Banner Formation (geologic mapping unit 5PIL, subunits 5PIL3 and 2PIL2, respectively). The 37 
upper surface of seismic unit F is undulating and delineated by a coherent reflector (figs. 6-13 to 6-15) that 38 
lies at an elevation between 476 and 541 feet (145 and 165 m) msl. The seismic unit has an average thickness 39 
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of 66 feet (20 m). In Line 710, the sediments assigned to seismic units E and F in the seismic area could 1 
not be differentiated, and therefore are grouped in a composite seismic unit E+F (fig. 6-13).  2 
 3 
In Line 801, Line 802 and Line 902, sediments having different properties to those assigned to seismic unit 4 
F were identified and assigned to seismic unit G (figs. 6-14 and 6-15). Seismic unit G includes two tills and 5 
a deposit of bedded silt and clay, sediments assigned to the Tilton Member and Hillery Member tills and 6 
Unnamed unit 1 of the Banner Formation (geologic mapping units 5PIL, subunits 5PIL1, 5PIL2, and 2PIL1, 7 
respectively). In these surveys, the lower contact of seismic unit G is delineated by a horizontal reflector 8 
(figs. 6-14 and 6-15). In Line 710 (fig. 6-13), the sediments assigned to seismic unit G could not be 9 
differentiated between the overlying sediments assigned to seismic unit H, and therefore are grouped in a 10 
composite seismic unit G+H.  11 
 12 
Seismic unit H includes sediments that are relatively thin overlying seismic units F and G (figs. 6-13 to 6-13 
15). The sediments assigned to this seismic unit generally thicken towards the northern part of seismic 14 
survey area 2. The top of seismic unit H is delineated, somewhat, by a coherent and strong reflector lying 15 
at an elevation between 574 and 609 feet (175 and 185 m) msl. Internally, a series of horizontal, 16 
discontinuous reflectors are found at the bottom part of the seismic unit. The geological and geophysical 17 
information in boreholes on the seismic lines (table 6-1 and fig. 6-12) suggest these internal reflectors 18 
coincide with bedding planes within deposits containing layers of silt, clay, and fine sand assigned to the 19 
Teneriffe Silt (geologic mapping unit 5IL, subunit 2IL). These deposits are overlain by Vandalia Member 20 
till (geologic mapping unit 5IL, subunit 5IL1). Locally, this seismic unit includes thin deposits of sand and 21 
gravel assigned to the Pearl Formation (geologic mapping unit 8IL, subunit 8IL2). These sediments were 22 
encountered in borehole CHAM-08-04 (table 6-1), and were studied in more detail by Kelly and Holm 23 
(2011).  24 
 25 
Seismic unit I is a continuous unit across seismic survey area 2. This seismic unit is especially prominent 26 
in Line 710 and Line 901, delineated by strong and coherent reflectors at the top and bottom of the unit 27 
(figs 6-13 to 6-15). The top of seismic unit I lies at elevations between 640 and 672 feet (195 and 205 m) 28 
msl. This unit has an average thickness of 33 feet (10 m). From the available geological and geophysical 29 
information, the seismic unit includes deposits of interlayered diamicton, silt and clay and sand and gravel 30 
assigned to Unnamed unit 1 of the Glasford Formation (geologic mapping unit 6IL, subunit 6IL1).  31 
 32 
Seismic unit J is also continuous unit across seismic survey area 2 (figs. 6-13 to 6-15). This seismic unit is 33 
comprised of diamictons (tills) deposited during the Wisconsin Episode that are assigned to the Batestown 34 
Member and Tiskilwa Formation tills (geologic mapping unit 5WI, subunits 5WI2 and 5WI3). The 35 
Batestown Member till is exposed at the land surface in the seismic survey area. Seismic unit J has a strong 36 
and coherent reflector at its base, and the unit appears to increase in thickness towards the north and east. 37 
The seismic unit has a minimum thickness of 16 feet (5 m) at the southern end of Line 710 and Line 901, 38 
increasing in thickness to 74 feet (23 m) at the northern end of Line 801 and eastern end of Line 802 and 39 
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Line 902 (figs. 6-13 to 6-15). A somewhat continuous reflector in Line 801 (fig. 6-14) separates seismic 1 
unit J into two subunits (areas shaded in dark and light green) that coincides with the boundary between 2 
subunits 5WI2 and 5WI3 measured in the boreholes. 3 
 4 
Area 3 5 
The glacial and nonglacial sediment encountered within 100 feet (30 m) of the land surface were deposited 6 
during the Wisconsin and Hudson Episodes. The sediments deposited during the Wisconsin Episode include 7 
diamictons (tills), silt, sand and gravel assigned to the Yorkville and Batestown Members of the Lemont 8 
Formation and the Tiskilwa Formation (geologic mapping units 5WI, subunits 5WI1, 5WI2, and 5WI3) 9 
(e.g., shown on the eastern part of cross section E-E´ in plate 12-1). The melting of stagnant ice associated 10 
with the retreat of glaciers that formed the moraines in the seismic survey area 3 left behind an undulating 11 
to hummocky topography, characteristic of the modern land surface. The depressions formed by the melting 12 
of stagnant ice were infilled by silt and clay (Equality Formation) and organic-rich silt or peat (fig. 6-4). 13 
Deposits of sand and gravel assigned to the Henry Formation (geologic mapping unit 5WI, subunit 7WI) 14 
form outwash plains, terraces, and fans present along major valleys that parallel the Illiana Morainic System 15 
(figs. 6-4 and plate 12-1). These landforms were formed by meltwater draining from the glaciers. 16 
Postglacial erosion by rivers and streams during the Hudson Episode incised into these surficial deposits, 17 
locally exposing diamictons (tills) and older proglacial sediment. Along the major valleys, these rivers and 18 
streams deposited sand, gravel, silt, and clay (figs. 6-4 and cross section E-E' in plate 12-1) assigned to the 19 
Cahokia Formation (geologic mapping unit 5WI, subunit 4WI). Deposits of sand and gravel assigned to the 20 
Ashmore Tongue, Henry Formation (geologic mapping unit 8WI) are in places encountered in exposures 21 
along valleys below Tiskilwa Formation till (e.g., cross section E-E' in plate 12-1). These deposits of sand 22 
and gravel were laid down in front of advancing glaciers that later deposited Tiskilwa Formation till. 23 
 24 
Below sediments of the Wisconsin Episode lies thick, stratified deposits comprised of layers of sand and 25 
gravel, diamicton, and silt and clay, which are assigned to Unnamed unit 1 of the Glasford Formation 26 
(geologic mapping unit 6IL, subunit 6IL1). The upper surface of this unit was found to be much more 27 
undulating than deposits assigned to the same geologic mapping unit in the other survey areas. It is possible 28 
that undulations are associated with a system of meltwater channels that were identified in area 3 by the 29 
earth electrical resistivity surveys (see Chapter 7). The seismic reflection surveys were also able to image 30 
these channels, which are up to 500 m or wider and filled with coarse-grained sediment (probably sand and 31 
gravel). Across the entire seismic survey area, the sediments assigned to geologic mapping unit 6IL, subunit 32 
6IL1, are underlain by loam-textured diamicton (till) assigned to the Vandalia Member of the Glasford 33 
Formation (geologic mapping unit 5IL, subunit 5IL). Locally, the Vandalia Member till is underlain by 34 
deposits of silt and clay assigned to the Teneriffe Silt (geologic mapping unit 5IL, subunit 2IL), but these 35 
deposits were not encountered in the three boreholes drilled for this project in the seismic survey area (table 36 
6-1). In seismic survey area 3, deposits of sand and gravel assigned to the Pearl Formation (geologic 37 
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mapping unit 8IL, subunits 8IL1 and 8IL2) were encountered below sediments assigned to the Glasford 1 
Formation (e.g., geologic cross section E-E´, plate 12-1).  2 
 3 
The sediments of the Illinois Episode are underlain deposits formed during the pre-Illinois Episode. These 4 
deposits are comprised of sediments that are up to 150 feet (45 m) thick. The uppermost deposits contain 5 
at least two different tills assigned to the Hillery and Harmattan Members of the Banner Formation 6 
(geologic mapping unit 5PIL, subunits 5PIL2 and 5PIL3. These tills are underlain by deposits of sand and 7 
gravel assigned to the Mahomet Sand Member of the Banner Formation (geologic mapping unit 8PIL, 8 
subunits 8PIL1 and 8PIL2). These sediments partially infill the MBV that underlies the entire seismic 9 
survey area. In a few locations, these sediments are overlain by a relatively thin (<10 feet or 3 m thick) 10 
deposit of black- or dark brown-colored organic-rich sand and silt or peat (e.g., borehole CHAM-08-01, 11 
table 6-1). The organic-rich sand and silt form alluvial deposits (possibly containing a paleosol) that 12 
developed during an interglacial period of the pre-Illinois Episode (see Chapter 2), and are assigned to 13 
geologic mapping unit 8PIL, subunit 4PIL1. The Mahomet Sand Member is locally underlain by deposits 14 
of diamicton, sand, or silt. These deposits are up to 30 feet (9 m) thick were formed prior to the earliest 15 
glaciation of the pre-Illinois Episode. These sediments are assigned to geologic mapping unit 11, subunit 16 
4PIL2 and lie on Pennsylvanian- and Mississippian-age bedrock. 17 
 18 
Unlike in the seismic survey areas 1 and 2, the bedrock surface was not easily distinguished by analyzing 19 
the reflector patterns. The bedrock surface in Line 803, Line 804, and Line 903, and the western half of 20 
Line 1001 was delineated from the P-wave data by a prominent and laterally coherent reflector (figs. 6-16 21 
to 6-19). In seismic survey area 3, the bedrock surface is much deeper than measured in seismic survey 22 
areas 1 and 2. In the P-wave surveys, the elevation of the bedrock surface varies from 377–499 feet (115–23 
152 m) msl., and lies at an average depth of 344 feet (105 m) below the land surface (figs. 6-16 to 6-21). 24 
 25 
Prominent seismic reflectors were identified within the unconsolidated sediments and bedrock in the area 26 
and are labeled alphabetically on the seismic reflection lines (figs. 6-16 to 6-21). Assigning these reflectors 27 
to discrete geophysical (seismic) units was based partially on the geological and geophysical information 28 
in new boreholes (table 6-1) and boreholes drilled previously (e.g., cross section E-E´, plate 12-1), along or 29 
in the vicinity of the seismic surveys (figs. 6-17 and 6-20).  30 
 31 
From bottom to top, the seismic units identified in the seismic survey area 3 are: 32 
 33 
Seismic unit K includes sediments lying on the bedrock identified in the both the S-wave and P-wave 34 
surveys (figs. 6-16 to 6-21). The top of seismic unit K is marked by a strong and coherent reflector that lies 35 
at an elevation between 558 and 609 feet (170–185 m) msl. These sediments have an average thickness of 36 
164 feet (50 m). In all but one of the seismic surveys, specifically Line 1001 (fig. 6-17), seismic unit K is 37 
part of a composite unit because the contact between overlying the sediments included could not be 38 
delineated laterally across the seismic survey area. Seismic unit K includes till of the West Lebanon 39 
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Member of the Banner Formation (geologic mapping unit 8PIL, subunit 5PIL4), deposits of sand and gravel 1 
assigned to Mahomet Sand Member of Banner Formation (geologic mapping unit 8PIL, subunits 8PIL1 2 
and 8PIL2), and deposits of sand and gravel assigned to Unnamed tongue 1 of the Pearl Formation (geologic 3 
mapping unit 8IL, subunit 8IL1). The overlying sediments include diamicton, sand and gravel, and silt and 4 
clay classified to the Illinois and pre-Illinois Episodes assigned to seismic units M and N (the descriptions 5 
of these seismic units are provided below). 6 
 7 
A series of strong and coherent reflectors were resolved in the upper part of composite seismic unit K+M 8 
in both the P-and S-wave surveys (figs. 6-16 to 6-21). Data from the P-wave surveys suggest the sediment 9 
in this composite unit has a very stiff or hard consistency, and a different composition than sediments of 10 
the overlying seismic units. The remaining portion of seismic unit K+M imaged in the P-wave surveys 11 
contains a series of somewhat connected reflectors (figs. 6-16 to 6-19). The variation in reflectors may be 12 
produced by layers of sediment that have different seismic velocities. The reflectivity of these sediments 13 
varies between the seismic surveys. For example, in Line 804 and the southern half Line 1001, the lower 14 
part of the unit contains sediments displaying relatively stronger reflectors interstratified with discrete 15 
layers of sediment having higher clay content (figs. 6-17 to 6-18). The reflectivity of sediments in the unit 16 
weakens in Line 803 (fig. 6-16) where there is likely an increase in sand content. In the Line 903, reflectivity 17 
within the lower part of the composite unit varies with zones of relatively weak reflection between stations 18 
300 and 700 m to relatively strong reflections between stations 100 and 300 m (fig. 6-19). The variations 19 
in reflectivity measured in Line 903 indicate that the texture of these sediments probably change laterally. 20 
The multiple reflectors identified in the lower part of composite seismic unit K+M imaged in the S-wave 21 
surveys could be caused by noise encountered at the top of the unit.  22 
Seismic unit L was delineated only in P-wave survey Line 1001, and overlies seismic unit K (fig. 6-17). 23 
From the geological and geophysical information in borehole CHAM-08-01(table 6-1) adjacent to the 24 
survey, seismic unit L includes peat or organic-rich silt, sand and diamicton assigned to Unnamed unit 3 of 25 
the Banner Formation (geologic mapping unit 8PIL, subunit 4PIL1). Theses sediments are discontinuous 26 
in the seismic survey area, and where present are typically <15 feet thick (plate 12-1). 27 
 28 
Seismic unit M was delineated only in the P-wave seismic surveys (figs. 6-16 to 6-19). Except in Line 1001 29 
(fig. 6-17), seismic unit M is represented as part of a composite unit with seismic unit K. From the 30 
geological and geophysical information in borehole CHAM-08-01 adjacent to Line 1001 ((table 6-1; fig. 6-31 
17), seismic unit M includes till assigned to the Hillery and Harmattan Members of the Banner Formation 32 
(geologic mapping unit 5PIL, subunit 5PIL2 and 5PIL3). These tills are discontinuous in seismic survey 33 
area 3, as shown in cross section E–E´ (plate 12-1). The Hillery Member till was also identified in borehole 34 
CHAM-09-07 (table 6-1) in Line 805 (fig. 6-20), but the deposit was either too small or thin, or the till has 35 
very similar seismic properties to the surrounding sediments that prevented delineating the seismic unit 36 
beyond the borehole. 37 
 38 
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Seismic unit N was delineated in all the surveys (figs. 6-16 to 6-21). In the S-waves surveys (Lines 805 and 1 
806), seismic unit N is represented in a composite unit with seismic unit K (figs. 6-20 and 6-21). From the 2 
geological and geophysical information in the boreholes (table 6-1), seismic unit N includes till assigned to 3 
the Vandalia Member of the Glasford Formation (geologic mapping unit 5IL, subunit 5IL1) and thin, 4 
discontinuous deposits of silt, fine sand, and clay assigned to Unnamed tongue of the Teneriffe Silt 5 
(geologic mapping unit 5IL, subunit 2IL). 6 
 7 
Seismic unit O was delineated only in Line 803 and includes deposits of sand and gravel assigned to 8 
Unnamed unit 1of the Glasford Formation (geologic mapping 6IL, subunit 6IL1). This seismic unit was 9 
encountered in valleys or channels formed by erosion into the underlying sediment of seismic unit N.   10 
 11 
Seismic unit P overlies seismic units K, N, and K+N in the seismic survey area. The upper contact of the 12 
seismic unit is very distinguishable. In the S-wave surveys, this contact is delineated by a strong and 13 
coherent reflector (figs. 6-20 and 6-21), whereas in the P-wave surveys a series of discontinuous and weaker 14 
reflectors delineate this contact (figs. 6-16 to 6-19). The contact lies at elevations between 590–722 feet 15 
(180–220 m) msl.  16 
 17 
The seismic reflection pattern in the unit is comprised of a series of discontinuous and undulating reflectors. 18 
Generally, the profiles created from seismic reflection data in the P-wave surveys are of lower resolution 19 
as compared to S-wave surveys. The weaker reflectors in the P-wave surveys are probably produced by 20 
unusually high levels of contamination (noise) generated at shallower depths. 21 
 22 
From the available geological and geophysical information (table 6-1), seismic unit P includes deposits of 23 
diamicton, sand, silt, gravel, and, clay assigned to Unnamed unit 1 of the Glasford Formation (geologic 24 
mapping unit 6IL, subunit 6IL1). The thickness of sediments assigned to seismic unit P varies significantly 25 
between the surveys. Near the center of Line 1001, these sediments may be absent (fig. 6-17), whereas in 26 
Line 805 the unit is approximately 115 feet (35 m) thick (fig. 6-20).  27 
 28 
Seismic unit Q was only delineated in Line 1001 (fig. 6-17). From the available geological and geophysical 29 
information, this seismic unit includes deposits of sand and gravel. The disconnected and dipping reflectors 30 
in this seismic unit may delineate a channel that has been incised, probably by meltwater, into sediments of 31 
seismic unit P. In Line 1001, the channel is approximately 1600 feet (487 m) and is incised to a depth of 70 32 
feet (20 m) into seismic unit P. 33 
 34 
Seismic unit R is the surficial seismic unit in all the seismic surveys except for in Survey 806 (figs. 6-16 to 35 
6-20). This seismic unit include diamictons and deposits of sand and gravel, or silt and clay correlated to 36 
tills, glaciofluvial sediment, and alluvium formed during the Wisconsin and Hudson Episode (geologic 37 
mapping units 4WI, 7WI, 5WI including subunits 5WI1, 5WI2, and 5WI3, and 8WI (table 6-1). The unit 38 
has a thickness ranging from 25–100 feet (9–30 m) along the seismic lines. In the S-wave surveys, this unit 39 
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contains a series of prominent and discontinuous horizontal reflectors (figs. 6-20 and 6-21). In the P-wave 1 
surveys, the reflection patterns in the unit are quite different. In places where the unit is thickest, a series of 2 
dipping reflectors series that are oriented oblique to the reflectors in seismic unit P (figs. 6-16 to 6-19). 3 
 4 
Seismic unit S is delineated only in the westernmost and easternmost parts Line 806 (fig. 6-21) and includes 5 
deposits containing sand, silt, gravel, or clay that are assigned to the Cahokia Formation (geologic mapping 6 
unit 4WI). These deposits are relatively thin, <50 feet (15 m) thick and infill small valleys of channels cut 7 
into the sediments assigned to seismic unit R. 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
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Chapter 7 1 
Electrical Earth Resistivity 2 
Tim H. Larson, Andrew J. Stumpf and William S. Dey 3 
 4 
SUMMARY 5 
In summary, there are several distinctive geophysical units that can be differentiated from resistivity data 6 
collected in the project area and adjacent areas. These resistivity units can be consistently assigned to 7 
geologic mapping units; units that are differentiated by changes in texture and mineralogy of the sediments 8 
and variations of natural gamma radiation in the boreholes. Also, discrete lateral variations within some 9 
resistivity units can be resolved from the acquired data. These variations appear to be controlled by changes 10 
in texture or moisture content of the sediment. The following summarize the correlations between the 11 
resistivity units and the sediments:  12 
  13 
1) Low to very low resistivity near the land surface (resistivity unit 1a) – sand, silt, and clay: The surficial 14 
sediment in the Sangamon River valley, interpreted to be river alluvium assigned to the Cahokia Formation 15 
(geologic mapping unit 4WI), is characterized by having resistivity values between 10 and 40 ohm-m. This 16 
difference in resistivity, at least partly, is controlled by varying moisture conditions in the sediment. 17 
Resistivity measurements from the Old Entrance Road survey taken when the floodplain of the Sangamon 18 
River was partially flooded are much lower compared to the resistivity measured on the floodplain along 19 
the Bottom Trail survey when the water level in the river was significantly lower. Similarly, a lower 20 
resistivity was measured in river alluvium adjacent to the Sangamon River at Lodge Park and River Bend 21 
Forest Preserves.   22 
 23 
2) Low to moderately low resistivity near the land surface (resistivity unit 1b) – diamicton: Lithologically 24 
distinct diamictons correlated to different tills deposited during the Wisconsin Episode having a resistivity 25 
between 25 and 65 ohm-m. In some areas, the resistivity surveys were unable to differentiate these tills 26 
from the underlying fine-textured sediments of the Glasford Formation (geologic mapping unit 6IL1); 27 
especially where an intervening deposit of sand and gravel assigned to the Ashmore Tongue of the Henry 28 
Formation (geologic mapping unit 8WI) is not present. 29 
 30 
3) Moderate to very high resistivity near the land surface (resistivity unit 1c) – near-surface sand or 31 
disturbed ground: Two resistivity surveys  at Allerton Park (North Road and Timber Road) measured high 32 
resistivity values in sediments forming small hills or ridges. These landforms are probably composed of 33 
sand and gravel, and could be kames. Although, there is a possibility the high resistivity measured in these 34 
surficial sediments at the northeastern end of the Timber Road survey could have been generated by ambient 35 
electrical fields from nearby underground utilities. Very high resistivity values were also measured across 36 
the floodplain of the Sangamon River and on the uplands at Lodge Park Forest Preserve. These sediments 37 
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are either river alluvium (Cahokia Formation) or glaciofluvial sediment assigned to the Henry Formation 1 
(geologic mapping unit 5WI, subunit 7WI) that was dry at the time the survey was conducted. 2 
 3 
4) Moderate to very high resistivity (resistivity unit 2) – sand and gravel, silt and clay, or diamicton: 4 
Sediments with moderate to very high resistivity encountered at an intermediate depth were imaged 5 
consistently in subsurface in all the survey areas. These sediments are classified to unit 2a and include 6 
deposits of sand and gravel assigned to Unnamed units 1 and 2 of the Glasford Formation (geologic 7 
mapping units 6IL1 and 6IL2). These sediments lie beneath tills of the Wisconsin Episode in the uplands 8 
and below river alluvium or glaciofluvial sediment in valleys. The resistivity of sediments within unit 2 9 
varies laterally. For example along the South Road survey at Allerton Park and in the Northeast Champaign 10 
County area, layers of sediments having very high resistivity, probably comprised of sand and gravel 11 
(resistivity unit 2a) lie adjacent to sediments of lower resistivity (resistivity unit 2b). This relationship 12 
indicates that the deposits of sand and gravel were inset into the finer-textured sediment later, probably by 13 
glacial meltwaters that down-cut into underlying deposits. The very high resistivity values could also be 14 
attributed to the presence of carbonate-cemented sand and gravel encountered locally in the Northeast 15 
Champaign County survey area. In other areas, moderate resistivity values (between 80 and 100 ohm-m) 16 
are representative of deposits containing layers of diamicton, silt and clay, and sand and gravel (resistivity 17 
unit 2b). The lateral variation in resistivity in units 2a and 2b is indicative of the varying texture of the 18 
sediments assigned to the Glasford Formation (geologic mapping units 6IL1 and 6IL2). The lower contact 19 
of resistivity unit 2b is more defined in the Fisher and Northeast Champaign County survey areas. At 20 
Allerton Park, where sediments having a low resistivity (resistivity unit 3) are thin or absent, the lower part 21 
of resistivity unit 2 may include much older deposits of sand and gravel correlated to the Pearl Formation 22 
or Mahomet Sand Member of the Banner Formation (geologic mapping units 8IL and 8PIL1, respectively).  23 
 24 
5) Low resistivity (resistivity unit 3) – diamicton or silt and clay: Along many of the survey lines, thick 25 
deposits of diamicton (till), in some places interstratified with deposits of silt and clay, have low resistivity 26 
and lie beneath unit 2. This significant contrast in resistivity creates a strong, well defined contact. The till 27 
is assigned to the Vandalia Member of the Glasford Formation (geologic mapping unit 5IL, subunit 5IL1), 28 
and the deposits of silt and clay to the Unnamed tongue of the Teneriffe Silt (geologic mapping unit 5IL, 29 
subunits 2IL). Only in a few areas is the resistivity unit 3 not present. It is presumed these sediments have 30 
been completely eroded by glacial meltwaters during later time periods. 31 
 32 
 33 
INTRODUCTION 34 
The Illinois State Geological Survey (ISGS) has been conducting electrical resistivity surveys in central 35 
Illinois for over 70 years (e.g., Hubbert 1934; Bays, 1946; Buhle and Brueckmann 1964; and Heigold et al. 36 
1985). Most of the surveys were specifically designed to assist in locating shallow groundwater supplies 37 
for individual households and municipalities. Typical methods in the past concentrated on collecting 38 
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widely-spaced data over large areas. The goal was to locate areas of high resistivity that might correspond 1 
to shallow aquifers. Taking advantage of new innovations in modern electronics, we have used a different 2 
approach to collect detailed resistivity data at several locations in the project area. The method, known as 3 
2-D resistivity imaging, uses nearly continuous readings to produce a simulated cross section or 4 
pseudosection through the ground beneath the resistivity survey line. For this project, thirteen cross sections 5 
of resistivity data are presented along a total of 11.5 miles (18.5 km) of survey. New resistivity data for this 6 
project was collected in 9 miles (14.5 km) and shown in nine cross sections. Existing data collected during 7 
previous surveys, covering a total distance of 2.5 miles (4 km), are shown on four cross sections. This 8 
resistivity data is compared with logs of geological and geophysical information in boreholes drilled along 9 
or in the vicinity of survey in each of five resistivity survey areas shown on figure 7-1. 10 
 11 
The location of resistivity surveys areas follow a southwest to northeast trend across the project area, 12 
generally paralleling the axis of the Mahomet Bedrock Valley (MBV) and perpendicular to the moraines 13 
formed during the last glaciation (Wisconsin Episode). The five resistivity survey areas are Allerton Park, 14 
Lodge Park Forest Preserve, River Bend Forest Preserve, Fisher, and Northeast Champaign County (fig. 7-15 
1). In the Allerton Park resistivity area, two surveys were conducted and data was reanalyzed from three 16 
previous resistivity surveys in the area (figs. 7-5 to 7-9). The new resistivity surveys crossed the floodplain 17 
of the Sangamon River, whereas the three other surveys were conducted on the uplands located north and 18 
south of the river valley. In the Lodge Park Forest Preserve resistivity area, two new surveys were 19 
conducted. One resistivity survey crosses the floodplain of the Sangamon River onto the adjacent uplands 20 
on the north side of the river, and a second survey continuing northeast from the end of the first survey on 21 
the uplands (fig. 7-10). In the River Bend Forest Preserve resistivity area, one new crosses the floodplain 22 
of the Sangamon River (fig. 7-11). For this project, we reanalyzed previously acquired resistivity data from 23 
the Fisher resistivity area (fig. 7-12). In the Northeast Champaign County resistivity area, three surveys 1–24 
4 miles in length were completed (fig. 7-13). Detailed descriptions and interpretations of the surveys are 25 
provided later in this report. 26 
 27 
 28 
GEOLOGIC SETTING 29 
The resistivity surveys were conducted in Champaign and Piatt Counties where glacial and nonglacial 30 
sediments, collectively up to 300 feet (91 m) thick, overlie Silurian to Pennsylvanian bedrock. These 31 
sediments include diamicton or till, silt, sand, clay, and gravel deposited during glacial and interglacial 32 
periods of the Wisconsin, Illinois, and pre-Illinois Episodes, and postglacial sediments of the Hudson 33 
Episode. A more detailed description of the sediments encountered in each resistivity survey is provided in 34 
the Results and Analysis section. This area of east-central Illinois is drained to the southwest by way of the 35 
Sangamon River and other streams flowing towards the Illinois River. Some of the streams on the eastern 36 
and northeastern perimeter of the area flow to the southeast into the Wabash River system. The postglacial 37 
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sediment (alluvium) partial fills many of the river and stream valleys, and its cover is especially widespread 1 
in the Sangamon River valley where sand containing variable amounts of silt and clay is encountered.  2 
 3 
 4 
METHODS  5 
Electrical earth resistivity (EER) imaging is a geophysical method that takes advantage of the contrast in 6 
electrical properties of geologic materials. In particular, deposits of sand and gravel have relatively high 7 
resistance to the passage of an electrical current, whereas clay tends to conduct electrical current. The 8 
electrical resistance, or resistivity of the sediments is measured by transmitting an electric current into the 9 
ground through two metal stakes (called the current dipole) and measuring the resulting electrical potential 10 
with two other stakes (called the potential dipole). According to Ohm’s Law, resistance is the potential 11 
divided by the current. But resistance of sediment varies with the volume being measured. In this project, 12 
we measured the resistivity, defined as the resistance of a unit area of sediment per by a unit length and 13 
reported as ohm-meters.  14 
 15 
Surveys and Acquisitions 16 
The resistivity data were collected using two different electrode configurations. Resistivity data from the 17 
Fisher survey area and three resistivity surveys at the Allerton Park were collected using the Wenner 18 
electrode configuration, which involves placing four stakes (electrodes) equally spaced along a line with 19 
the two potential electrodes inside the two current electrodes. Each measurement incorporates a 20 
hemispheric volume of material surrounding the potential electrodes. Deeper measurements are made by 21 
increasing the spacing between the electrodes. All the other data were collected using the dipole-dipole 22 
electrode configuration. For this configuration, the four electrodes (stakes) are placed in a line with the two 23 
electrodes forming the current dipole next to the two electrodes forming the potential dipole. Two different 24 
parameters can be varied to control the depth of penetration of the tests: the distance between the two 25 
electrodes in each dipole (the dipole length) and the spacing between the dipoles (dipole separation). 26 
Although the raw data from the two configurations look quite different, the processing software enables the 27 
user to produce comparable images. 28 
 29 
In the High Resolution Electrical Earth Resistivity (HREER) surveys, up to 60 stainless steel stakes are 30 
pushed into the ground every 5 m along the resistivity survey line. The stakes are connected by four 100-m 31 
long multi-core cables to a computer-controlled resistivity meter (ABEM Terrameter 1000 or 4000) and 32 
switching system (LUND imaging system). A control program sequentially switches over 100 33 
combinations of electrodes, operates the instrument, and stores the data. After a set of readings are 34 
completed, the resistivity equipment is moved in 330-foot (100-m) increments and more data is collected. 35 
The diagram in fig. 7-2 shows the configuration of the first two cable layouts of a high-resolution dipole-36 
dipole resistivity survey. The blue and green lines at the top of the layout represent the cables at different 37 
positions. The tick marks are electrodes; only the odd-numbered electrodes are shown every 33 feet (10-38 
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m). The green line and tick marks represent the initial layout of the four cables spanning a length of 1312 1 
feet (400 m). The two blue lines represent the positions of the cables after one movement of the cable set, 2 
either to the right or to the left. With this configuration, the equipment was only moved to the right. The 3 
green and (right) blue lines together cover 1640 feet (500 m) on the land surface. To cover a greater distance, 4 
the cables are moved at increments of 330 feet (100 m) to the right and measurement in the blue pattern is 5 
continued. After an initial setup, twelve additional layouts are required to collect data for 1 mile (1600 m).  6 
 7 
On the diagram for the HREER survey, the four black arrows point to the active electrodes (C1, C2, P1, 8 
and P2) for one of the measurements (fig. 7-2). Below the green and blue lines are arrays of open and filled 9 
circles. These circles represent all the possible measurements that could be made with the dipole-dipole 10 
configuration. The filled green circles are the measurements that are actually recorded during the initial 11 
layout (383 out of a possible 1006) and the filled blue circles are the measurements (207 out of a possible 12 
611) that are recorded when the cables are moved one length to the right. The green circle enclosed by the 13 
black box corresponds to the measurement of the four electrodes. The measurement is half-way between 14 
the electrodes at a depth proportional to the spacing between them. Running a normal operation with a 4-15 
channel receiver system, the initial (green) layout requires about 45 minutes to record and each subsequent 16 
(blue) layout requires about 30 minutes to set up and record. Two to four people are required to move the 17 
cables and stakes and to operate the instrument layout. 18 
 19 
Data Processing and Analysis 20 
Using the HREER method, profiles of continuous resistivity measurements down to more than 200 feet (60 21 
m) were obtained with electrodes placed every16 feet (5 m). For this project, individual segments of survey 22 
range from 1800–10500 feet (549–3200 m) in length. A two-dimensional resistivity image presented in 23 
cross section is produced from the resistivity data using a finite element inversion program (RES2DINV) 24 
of Loke and Barker (1996). An example of the data collected from one survey (Timber Road survey in the 25 
Allerton Park area) is shown in figure 7.3. On the upper cross section, the apparent resistivity data is 26 
presented as collected in the field and contoured as an apparent resistivity pseudosection. The interpolated 27 
depths are only approximations. The 281 electrodes used in the survey are shown as ticks across the top 28 
axis, labeled in meters from the survey origin. The 4488 individual data points are shown as white dots on 29 
the cross section. The dipole-dipole apparent resistivity pseudosection is characterized by many overlapping 30 
inverted “V” shapes having similar resistivity values. This pattern is a result of the dipole-dipole 31 
configuration which is systematically moved from one side of the array to the other. These points are the 32 
input data for the geophysical inversion program. The bottom cross section represents the output of the 33 
inversion, the calculated resistivity image (fig. 7-3). The computer model for this image has 6687 blocks in 34 
27 layers. The centers of the blocks are shown as white dots. The profile is generated by contouring the 35 
values at those central points.  36 
 37 
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The inversion program rearranges the resistivity values to account for the geometry of the array. The “V” 1 
patterns are reduced to points at the apex of the V’s, resulting in an approximate for the true resistivity of 2 
the sediments that produced the apparent resistivity patterns. In order to check the accuracy of the model in 3 
reproducing the original data, the inversion is run in reverse to produce simulated data. This simulated data 4 
is shown on the middle cross section in figure 7-3. It is very similar to the original apparent resistivity data. 5 
The program calculates the difference between each point in the upper and middle panel, and reports the 6 
overall value as a measurement of the Root Mean Square (RMS) error. In this case the RMS error is 5.2%. 7 
The values of the model are adjusted and new simulated data are produced and checked against the original. 8 
The process continues until the difference between the original and simulated data fields reaches a 9 
minimum. In this example, the cycle was run four times and the overall RMS error reduced from about 12% 10 
after the first run (not shown) to 5.2%. Further runs were made which improved the computed model 11 
slightly further to an RMS error of 4.8%. The small reduction in error resulted in only minor changes in the 12 
computed resistivity model. Because the apparent resistivity pseudo-sections produced with the dipole-13 
dipole array have no visual correlation to the subsurface geology, we do not show them routinely. Finally, 14 
topographic measurements are added to the model and a final image is produced that takes into account 15 
variations in elevation at the land surface along the line of survey.  16 
 17 
Because of the large variation in resistivity values between some resistivity study areas, the data are 18 
referenced using two different logarithmic scales. Most of the data, collected in the Allerton Park, Lodge 19 
Park Forest Preserve, River Bend Forest Preserve, and Fisher areas, are plotted using a resistivity range of 20 
10 ohm-m to 320 ohm-m. Typically, sediment having resistivity values <50 ohm-m are silty to clayey in 21 
texture. Lower resistivity values correspond to higher clay content. The sediments with lower resistivity are 22 
coded green and blue on the figures in this report. The sediments represented by dark green, yellow, or 23 
brown colors have resistivity >50 ohm-m and are generally coarser (i.e., sand and fine gravel). In some 24 
places, these sediments may also contain beds or lenses of silt and clay. Very coarse sand or gravel in this 25 
area have resistivity values >226 ohm-m and are represented by the orange and red shading on the figures. 26 
 27 
In the Northeast Champaign County survey area, sediments were encountered that have very high resistivity 28 
values. For the surveys in this resistivity area, a different color scale was used to better represent the 29 
variation in resistivity, ranging from 10 ohm-m to >1810 ohm-m. Using this scale, the sediments with a 30 
resistivity <56 ohm-m are interpreted to be silty or clayey in texture. Lower resistivity values correspond 31 
to higher clay content. These sediments are coded blue. The sediments represented by the green shading 32 
generally have resistivities between 56 and 226 ohm-m, and are composed of increasingly more or coarser 33 
sand. In some instances, these sediments may also include layers of sand and clay. Very coarse sand and 34 
gravel have resistivity values >226 ohm-m and are shaded in yellow and brown. In several boreholes, layers 35 
of cemented sand were encountered. It is likely this sediment is the source of the highest resistivity readings. 36 
These sediments are represented by dark brown to black shading. Although this range in resistivity is much 37 
greater than the range in resistivity observed elsewhere in the project area, these values are of similar 38 
magnitude to resistivity measured in Fayette and St. Clair Counties of southwest Illinois (Phillips 2008). In 39 
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those surveys, the highest resistivity values were measured in deposits of sand and gravel forming linear 1 
ridges interpreted to be subglacial or ice-contact landforms (Webb 2009; Webb et al. 2012). Some layers 2 
of calcite-cemented sand were also encountered in these deposits and may be the source of the higher 3 
resistivity values. 4 
 5 
 6 
GENERAL RESULTS 7 
Overall, the maximum depth of penetration in the resistivity surveys was ~200 feet (61 m). In most areas, 8 
the penetration was not deep enough to image the deposits of sand and gravel composing the Mahomet 9 
aquifer — the target aquifer unit of this project. Instead, the EER method is better suited for detailing the 10 
variations in resistivity within sediments near the land surface, principally the delineation of sediments 11 
deposited during the Hudson and Wisconsin Episode (geologic mapping unit 5WI; figs. 2-3 and 2-4), lateral 12 
variations in texture of the Tiskilwa Formation till (geologic mapping unit 5WI, subunit 5WI3; figs. 2-3 13 
and 2-4), and deposits of sand and gravel within stratified sediments of the Glasford Formation (geologic 14 
mapping units 6IL and 8IL; figs. 2-3 and 2-4). The EER method also provides a better resolution of the 15 
shallower deposits of sand and gravel than the seismic reflection method. 16 
 17 
During the resistivity surveys, a prominent marker bed containing organic-rich silt or peat (correlated to 18 
geologic mapping unit 5WI, subunit 4WI2; figs. 2-3 and 2-4) was identified between the sediments 19 
deposited during the Wisconsin and Illinois Episodes. A deposit of laminated or bedded fine sand, silt, and 20 
clay was also imaged at the base of sediments of the Glasford Formation in several surveys. These sediments 21 
are assigned to the Teneriffe Silt (geologic mapping unit 5IL, subunit 2IL; figs. 2-3 and 2-4). 22 
 23 
 24 
RESISTIVITY AREAS 25 
Allerton Park 26 
Two electrical earth resistivity surveys were conducted in the Allerton Park resistivity survey area, during 27 
this project (figs. 7-1 and 7-4). Results from these surveys were compared to resistivity data collected 28 
previously along three survey lines during an earlier project (Pugin et al. 2003). The new resistivity data 29 
was collected along approximately 1.5 miles (2500 m) of survey. The archived resistivity data was collected 30 
along 2 miles (3200 m) of survey. The resistivity surveys were designed to assist in the mapping of 31 
Quaternary-age glacial and nonglacial sediment along the Sangamon River valley. The resistivity survey 32 
area is located  approximately 4 miles west of the City of Monticello and extends from Eastings 356,000 m 33 
to 362,000 m and Northings 4,425,000 m to 4,432,500 m (Universal Transverse Mercator System (UTM), 34 
North American Datum 1983 (NAD 83), Zone 16N) or 39.962895º N Latitude, 88.686023º W Longitude 35 
to 40.031442º N Latitude, 88.617392º W Longitude (Geographic Coordinate System (GCS), North 36 
American Datum 1983 (NAD 83)), and includes much of T18N, R5E, Piatt County (fig. 7-4).  37 
 38 
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The resistivity survey area bisected by the Sangamon River valley, and land surface elevations vary from 1 
630 feet at the bottom of the valley to about 680 feet on the uplands north and south of the river. The glacial 2 
and nonglacial sediment lying over the Pennsylvanian-age bedrock collectively has a total thickness of 250–3 
350 feet. Tills, and ice-marginal and proglacial meltwater sediment deposited during the Wisconsin and 4 
Illinois Episodes comprise the upper 100–170 feet (31–52 m) (table 7-1). These sediments overlie deposits 5 
of sand and gravel formed during the Illinois and pre-Illinois Episodes. Thin layers of organic silt (peat), 6 
silt and clay (glaciolacustrine sediment), and fine sand are interstratified within these sediments. A 7 
regionally extensive deposit of organic-rich silt or peat is found between the Wisconsin and Illinois Episode 8 
sediments assigned to the Robein Member of the Roxana Silt (geologic mapping unit 5WI, subunit 4WI2). 9 
In some locations, glaciolacustrine sediment separates the Vandalia Member till and (geologic mapping 10 
unit 5IL, subunit 5IL1) and deposits of sand and gravel assigned to the Pearl Formation (geologic mapping 11 
unit 8IL). The modern river sediment (alluvium) encountered in the Sangamon River valley contain variable 12 
amounts of sand, silt, and clay, and is assigned to the Cahokia Formation (geologic mapping unit 4WI). 13 
 14 
Resistivity surveys were conducted along the edges of roads and trails in Allerton Park and along county 15 
roads outside the park (fig. EER1). From south to north the resistivity surveys are South Road, Bottom 16 
Trail, Old Entrance Road, Timber Road, and North Road. Results of all five surveys are shown on cross 17 
sections in figures EER2–EER6 at the same horizontal and vertical scales. 18 
 19 
In general, the data on cross sections from the five surveys show similar resistivity patterns (figs. EER2–20 
EER6). There are three main resistivity units. Materials near the land surface have relatively low resistivity 21 
(resistivity unit 1b), varying between 30 and 50 ohm-m at an elevation of about 590–625 feet msl. These 22 
materials are correlated to till and associated sediments of the Tiskilwa Formation (geologic mapping unit 23 
5WI; table EER1) deposited during the Wisconsin Episode. In the Sangamon River valley, the till may be 24 
overlain or intertongue with deposits of sand, silt, or clay correlated to modern river alluvium or 25 
glaciofluvial sediments (resistivity units 1a and c). Underlying unit 1, materials with higher resistivity 26 
values averaging 100 ohm-m resistivity, but locally may be greater than 250 ohm-m are classified to 27 
resistivity units 2a and b. These materials are correlated to ice marginal and proglacial meltwater sediments 28 
(mostly sand and gravel) of the Glasford Formation (geologic mapping units 7ILe or 7ILch; tables EER1 29 
and fig. GF). Further study is needed to determine if the lateral variation in resistivity corresponds to 30 
significant variations in material texture. Along most surveys, resistivity units 2a or b are underlain by 31 
material of lower resistivity (resistivity unit 3). Because the resolution of resistivity data decreases with 32 
increasing depth, the contact between resistivity units 2 and 3 cannot be delineated as accurately as between 33 
resistivity units 1 and 2. The materials classified to resistivity unit 3 probably correlate to till and/or 34 
glaciolacustrine sediment deposited during the Illinois Episode (geologic mapping unit 5IL; fig. GF). At 35 
some locations, resistivity unit 3 does not appear to be present, and it is possible that resistivity unit 2 36 
includes the older deposits of sand and gravel (geologic mapping units 8IL and 8PIL) that are correlated to 37 
the Pearl and Banner Formations, respectively (fig. GF and table EER1). 38 
  39 
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South Road Survey. This resistivity survey was completed in June 2004 along County Road (CR) 1300N. 1 
This survey was conducted on the uplands south of the Sangamon River valley, and its orientation roughly 2 
parallels the river. A nest of two groundwater monitoring wells were installed prior to the survey opposite 3 
the station at 525 feet. Natural gamma radiation and seismic velocity measurements were acquired in the 4 
deeper of the two monitoring wells (OBS Well 1B) at the site (Roadcap and Wilson 2001). A log of the 5 
geologic materials encountered in the borehole is provided in table EER1, and a log of the natural gamma 6 
radiation is shown in figure EER2 (at the same vertical scale as the resistivity data). The resistivity data is 7 
also referenced to a second borehole (ISWS-2002-E) located approximately 600 feet to the west of the 8 
survey line on County Road 1300N (fig. EER1). 9 
 10 
In the two boreholes, the natural gamma radiation measured in geologic materials within 70 feet (21 m) of 11 
the land surface range between 50 and 70 counts per second (cps) (fig. EER2). This material is classified 12 
to resistivity unit 1b, which is correlated to the till and associated sediments of the Tiskilwa Formation 13 
(geologic unit 5WI, subunit 5WI3) and diamicton of the Glasford Formation (geologic unit 7ILe) (fig. EER2 14 
and table EER1). This unit extends across the entire survey line. Gamma counts decrease gradually to about 15 
25 cps at a depth of 90 feet (27.5 m), and then increase to 40–60 cps in a deposit composed of stratified 16 
diamicton, silt, and sand and gravel (geologic mapping unit 7ILe; table EER1). This deposit is classified to 17 
resistivity unit 2 (fig. EER2). In the remainder of borehole OBS well 1B, gamma counts decrease to an 18 
average of 20–25 cps where sand and gravel was encountered down to bedrock (fig. EER2 and table EER1). 19 
In contrast, the gamma radiation increases to 70–80 cps at the bottom of borehole ISWS-2002-E. Based on 20 
these variations and differences in resistivity values laterally, unit 2 is subdivided to account for changes in 21 
sand and gravel content. Where the deposit is mostly sand and gravel (higher resistivity values) the material 22 
is assigned to resistivity unit 2a; the remainder of the deposit is classified to resistivity unit 2b. 23 
 24 
Along the South Road resistivity survey line the contact between resistivity units 2 and 3 (geologic mapping 25 
unit 5IL) is not well resolved from the dataset. It is likely that resistivity unit 3 lies below resistivity unit 26 
2b, but either the depth of penetration was not adequate or the composition of materials in each unit were 27 
too similar to each other to delineate this contact. Both on the far western and eastern parts of this survey 28 
line, the resistivity values in unit 2a vary between moderate and moderately high values (fig. EER2). This 29 
fluctuation is probably caused by horizontal variations in texture within the deposit of sand and gravel. 30 
These deposits either infill valleys that were eroded into finer-grained materials of resistivity unit 2b by 31 
glacial meltwaters or compose palimpsest landforms (geologic mapping units 8IL and 8PIL) that were 32 
formed during earlier geological events. 33 
 34 
Bottom Trail Survey. This resistivity survey was completed in September 2008 along a park trail on the 35 
north side of the Sangamon River on the floodplain. Accessibility to this area is limited to a few weeks in 36 
the year because of seasonal flooding. Thick deposits of sand and gravel have been mapped in many areas 37 
along the floodplain of the Sangamon River (Anderson 1960). This resistivity survey was designed to 38 
investigate the nature and extent of the sediments near the land surface along the river valley. A very thin 39 
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deposit of material having low resistivity that is classified to resistivity unit 1a (geologic mapping unit 5IL, 1 
subunit 4WI1; fig. GF) is present at the land surface (fig. EER3). Resistivity unit 1a averages about 15 feet 2 
(4.5 m) thick, but locally increases in thickness to nearly 25 feet (7.5 m) at the eastern end of the survey 3 
line. This resistivity unit correlates to the modern river alluvium or proglacial meltwater sediment deposited 4 
during the Hudson or Wisconsin Episodes, respectively. The resistivity of materials lying beneath unit 1a 5 
is quite variable. 6 
 7 
Below resistivity unit 1a, a significant variation in resistivity was measured in resistivity unit 2 that is 8 
present along the entire survey line (fig. EER3), which was also observed along the South Road survey. As 9 
stated previously, this variation supports subdividing the unit based on amount of sand and gravel. Along 10 
the eastern half of the survey line, materials having moderately high resistivity values (probably sand and 11 
gravel) are classified to unit 2a. These materials lie between elevations of 610 and 490 feet (186–150 m) 12 
msl. and are underlain by materials having lower resistivity values (resistivity unit 3). However, along the 13 
western half of the survey line, materials present in the same elevation range and having lower resistivity 14 
values (between 60 and 90 ohm-m) are separately classified to resistivity unit 2b. These materials were 15 
imaged in the resistivity survey to depth of maximum penetration (fig. EER3). Similar to the South Road 16 
survey, it is likely the higher resistivity materials shown on the eastern part of the survey line infills a 17 
channel eroded by glacial meltwaters into older finer-textured materials. 18 
 19 
Old Entrance Road Survey. This resistivity survey was completed in May 2002. The survey line crosses the 20 
floodplain and adjacent uplands along a road oriented northwest to southeast, which at one time was an 21 
entrance road to Allerton Park (fig. EER4). The survey began at the west abutment of the bridge on the 22 
south side of the Sangamon River and run to the northwest, ending at the intersection of the old entrance 23 
road and Timber Road (fig. EER1). Because the river was in flood stage when the data was acquired, the 24 
electrodes were placed near the top of the berm on which the road is built. Two boreholes (PIAT-02-01 and 25 
PIAT-02-02) were drilled on the survey line in 2002 near the edge of the floodplain. Logs of the geologic 26 
materials encountered in the boreholes are provided in table EER1, and logs of the natural gamma radiation 27 
are shown in figure EER4. 28 
 29 
The resistivity values measured are distinctly different along northwestern and southeastern parts of the 30 
survey line. Along the southern half of the survey that crossed the floodplain, materials with very low 31 
resistivity values were encountered near the land surface. These materials are classified to resistivity unit 32 
1a) and correlated to river alluvium (geologic mapping unit 5WI, subunit 4WI) and the underlying 33 
glaciofluvial and glaciolacustrine deposits (geologic mapping unit 5IL, subunits 2WI and 7WI, 34 
respectively; fig. GF) (fig. EER4). This unit is wedge-shaped and increases in thickness towards the bluff 35 
line to the northwest. Resistivity unit 1a is probably equivalent to materials of low resistivity encountered 36 
near the land surface along the Bottom Trail Survey (fig. EER3). The resistivity values for unit 1a are 37 
slightly higher along the Bottom Trail Survey, and the variation in resistivity between the two surveys is 38 
probably a result of the dryer surface conditions in September 2008 when the Bottom Trail survey was 39 
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conducted. A transition zone under the upland north of the river valley separates materials of resistivity unit 1 
1a with materials of slightly higher resistivity (more typical resistivity values for the near surface materials 2 
in the area) beneath the uplands that are classified to resistivity unit 1b (fig. EER4). Resistivity unit 1b 3 
increases in thickness to the northwest. These materials may also form a very thin deposit below resistivity 4 
unit 1a to the southeast. These materials are correlated to till and associated sediments of the Tiskilwa 5 
Formation (geologic mapping unit 5WI, subunit 5WI3). 6 
 7 
Beneath unit 1b are materials with the highest resistivity in the survey area, having a maximum value >250 8 
ohm-m (fig. EER4). These materials with very high resistivity (classified to resistivity unit 2a) are 9 
correlated to stratified sediments of the Glasford Formation (geologic mapping unit 7ILe). In borehole 10 
PIAT-02-02, the upper part of geologic mapping unit 7ILe is comprised predominantly of sand and gravel. 11 
The resistivity values in unit 2a gradually decrease to the northwest, but the unit appears to thicken in the 12 
same direction as well (fig. EER4). Materials of resistivity unit 2 are underlain by materials of lower 13 
resistivity (classified to resistivity unit 3) that are correlated to till of the Vandalia Member (geologic 14 
mapping unit 5IL; fig. GF). The Vandalia Member till was encountered in both boreholes (table EER1). 15 
 16 
Timber Road Survey. This resistivity survey was completed in September 2009 along Timber Road in 17 
Allerton Park. The road parallels the north to southwest bluff line on the north side of the Sangamon River 18 
valley, crossing two fairly deep ravines that are tributaries to the main river channel. The survey was 19 
conducted from west to east along a line that terminates near the park’s maintenance office and garage. 20 
This survey was not extended farther to the northeast because measurements indicated that there was 21 
ambient electrical noise (possibly from buried utilities lines) in the area. One borehole (PIAT-08-03A), 22 
located a few hundred feet to the north of the survey line provides control in interpreting the resistivity data 23 
(fig. EER1). A log of the geologic materials encountered in the borehole is provided in table EER1, and the 24 
log of the natural gamma radiation data is shown in figure EER5. 25 
 26 
Very high resistivity values measured in materials near the land surface at the northeast end of the survey 27 
line result from either ambient electrical noise from utility lines or shallow-lying deposits of sand and gravel 28 
on upland. Disregarding this zone of very high resistivity, materials encountered along this survey line can 29 
be classified to resistivity three units. A continuous deposit composed of low resistivity materials (classified 30 
to resistivity unit 1b) extends along the entire survey line lying directly below the land surface (fig. EER5). 31 
This deposit, 50–65 feet (15–20 m) thick is composed of materials that are correlated to till and associated 32 
sediments of the Tiskilwa Formation (geologic mapping unit 5WI, subunit 5WI3). 33 
 34 
Below resistivity unit 1b are materials that have a total thickness of approximately 100 feet (30.5 m) and 35 
generally have a moderately high resistivity (fig. EER5). These materials are classified to resistivity unit 2a 36 
and are correlated to a deposit of stratified sediment of the Glasford Formation (geologic mapping unit 37 
7ILch; fig. GF). The resistivity values of unit 2a are consistently above 100 ohm-m, suggesting that overall 38 
the materials that compose this deposit are coarser in texture than materials in the uplands on the south side 39 
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of the Sangamon River valley along the South Road Survey (figs. EER2 and EER5). The lower contact of 1 
resistivity unit 2a is not as distinct as its upper surface, but generally the materials below have a lower 2 
resistivity. These materials of lower resistivity (classified to resistivity unit 3) are correlated to a basal 3 
deposit containing either stratified sediment of the Glasford Formation or till of the Vandalia Member 4 
(geologic mapping units 7ILch and 5IL (subunit 5IL), respectively). The geologic and natural gamma logs 5 
from borehole PIAT-08-03A indicate that in this location resistivity unit 3 is a relatively thin (16.5 feet or 6 
5 m thick) deposit of glaciolacustrine silt and clay, which is correlated to geologic mapping unit 7ILch). 7 
Based on 3D geologic mapping completed for this project, it appears this glaciolacustrine sediment and the 8 
overlying sediment comprising the remainder of geologic mapping unit 7ILch infill a southern tributary of 9 
a much larger valley system identified to the north in Piatt, McLean, Ford and Champaign Counties (see 10 
the Geological Framework section in this report). The significant contrast in resistivity that exists between 11 
units 2 and 3, and their significant depth of burial probably prohibits the imaging of materials of higher 12 
resistivity that were encountered in the borehole. 13 
 14 
North Road Survey. This resistivity survey was completed in May 2002 along the north to south County 15 
Road 625E within the NW¼ of Sec. 15 and part of the SW¼ of Sec. 10, T19N, R5E, in Piatt County (fig. 16 
EER1). The survey line crossed the uplands located approximately 0.25 miles north of the river bluff line, 17 
running almost perpendicular to the Sangamon River valley. The survey started on a small hill just north of 18 
County Road 1550N, headed north crossing the Wildcat Creek valley, and terminated on the adjacent 19 
upland at County Road 1620N. 20 
 21 
At the southern end of the survey line, materials having a very high resistivity (ranging from 100–250 ohm-22 
m) were measured below the small hill (fig. EER6). These materials (likely sand and gravel) are classified 23 
to resistivity unit 1c and were probably deposited at or near an ice margin as a kame. Surprisingly, materials 24 
having similar higher values of resistivity were encountered in a few small areas along the remainder of the 25 
survey line (fig. EER6), but their origin is not known. 26 
 27 
Besides these small areas where materials having high resistivity are present, generally materials below the 28 
land surface along the survey line have much lower resistivity and are classified to resistivity unit 1b (fig. 29 
EER6). The thickness of resistivity unit 1b ranges from 30 feet (9 m) in the Wildcat Creek valley to over 30 
65 feet (20 m) at either end of the survey line. These materials are correlated to till and associated sediment 31 
of the Tiskilwa Formation (geologic mapping unit 5WI, subunit 5WI3). Directly beneath unit 1b lie 32 
materials having moderately high to high resistivity (fig. EER6). The resistivity values of these materials 33 
generally decrease toward the north away from the Sangamon River valley. Although no boreholes were 34 
drilled or logs of natural gamma radiation acquired along the survey line, the resistivity values measured in 35 
these materials are similar to deposits of sand and gravel encountered in the same stratigraphic position 36 
along the other surveys in Allerton Park (figs. EER2–EER6). Therefore, these materials are classified to 37 
resistivity unit 2a. The base of unit 2a is poorly delineated along the survey line. The inability to resolve 38 
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this contact suggests that deposits containing materials classified to resistivity unit 3 along the other survey 1 
lines in Allerton Park may be either too thin to be delineated or locally eroded along the North Road Survey. 2 
 3 
Lodge Park Forest Preserve 4 
Two resistivity surveys were completed in October 2007 on Piatt County Forest Preserve District’s Lodge 5 
Park property, located 2 miles northwest of the City of Monticello. The survey area extends from Eastings 6 
365,600 m to 367,200 m and Northings 4,435,200 m to 4,437,600 m (UTM, NAD 83, Zone 16N) or 7 
40.05621º N Latitude, 88.57627º W Longitude to 40.07783º N Latitude, 88.55751º W Longitude (GCS, 8 
NAD 83) and includes parts of Secs. 30 and 31, T19N, R6E, in Piatt County (fig. EER7). New resistivity 9 
data was acquired along more than a mile of roads and trail. Most of Lodge Park Forest Preserve is situated 10 
over the floodplain of the Sangamon River, but the park also extends onto the adjacent uplands east and 11 
west of the river valley. One resistivity survey line, the Bottom Profile, was conducted on the floodplain, 12 
starting on the eastern side of the river and crossing nearly the entire width of the valley before ascending 13 
the bluff west of the river (fig. EER7). Resistivity data was collected along a second survey line (Bluff 14 
Profile) that continued north from the Bottom Profile survey on uplands paralleling the Sangamon River 15 
valley, approximately 1300 feet west of the river bluff. These surveys were designed to collect resistivity 16 
data to construct images of the subsurface across the river valley, the area of transition between the valley 17 
and adjacent uplands, and the uplands. A single borehole (PIAT-08-02) was drilled on the west side of the 18 
river part way up the bluff near resistivity station at 2950 feet on the Bottom Profile. A log of the geologic 19 
materials encountered in the borehole is provided in table EER1, and a log of the natural gamma radiation 20 
with the resistivity data is shown in figure EER7. 21 
 22 
The interpreted resistivity data from the two surveys are shown on cross sections in figure EER7 at the 23 
same horizontal and vertical scales. The vertical scale is elevation in feet msl. Horizontal scale is in feet. 24 
The resistivity scale is the same used for the surveys conducted at Allerton Park, located six miles to the 25 
southwest (fig. EER1). Resistivity values measured along the Bottom Profile survey are very similar to 26 
values collected along the Old Entrance Road survey at Allerton Park that crossed the Sangamon River 27 
floodplain before ascending the river bluff (figs. EER4 and EER7). An important difference between the 28 
two surveys is that at Lodge Park Forest Preserve the survey was conducted directly on the valley bottom, 29 
whereas at Allerton Park the electrodes were placed into an elevated embankment built several feet above 30 
the floodplain. Also, the data from Allerton Park was acquired during the spring when the valley bottom 31 
was partially flooding, while at Lodge Park Forest Preserve the survey was conducted during the fall when 32 
the water level in the Sangamon River was much lower. 33 
 34 
Along the central part of the Bottom Profile survey, between resistivity stations 460 and 2660 feet, materials 35 
near the land surface, present at depths between 15–30 feet (4.5–9 m) are characterized by having very high 36 
resistivity, although low to moderate resistivity values were also measured in materials near the land surface 37 
at the southeast end of the survey line (fig. EER7). These materials (classified to resistivity unit 1a and 1c, 38 
respectively) are probably coarse sand and gravel deposited in the Sangamon River valley as river alluvium 39 
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(geologic mapping unit 5WI, subunit 4WI1) and on the uplands and perhaps locally in the valley under the 1 
alluvium as glaciofluvial sediment (geologic mapping unit 5WI, subunit 7WI). The glaciofluvial sediment 2 
likely infill channels eroded into the underlying deposits by glacial meltwaters.  3 
 4 
Along the northwestern end of the Bottom Profile survey line, along and beneath the upland, materials near 5 
the land surface have low to relatively low resistivity (fig. EER7). These materials (classified to resistivity 6 
unit 1b) can be correlated to till and associated sediments of the Tiskilwa Formation (geologic mapping 7 
unit 5WI, subunit 5WI3) and diamicton in the upper part of underlying geologic mapping unit (7ILe). 8 
 9 
Below resistivity units 1a, b and c, materials having moderately high resistivity values were imaged and are 10 
classified to resistivity unit 2a. These materials were encountered to a maximum depth of 115–130 feet 11 
(35–40 m) below the land surface along the southeastern half of the survey line. In borehole PIAT-08-02, 12 
materials of resistivity unit 2a were encountered to a depth of 87.5 feet (26.7 m) and are correlated to 13 
geologic mapping unit 7ILe (table EER1). The materials classified to resistivity unit 2a appear to become 14 
thinner and have lower resistivity beneath the uplands to the northwest. 15 
 16 
Below resistivity unit 2a, there is a gradual change from materials having moderately high to moderately 17 
low resistivity (fig. EER7). The materials of moderately low resistivity are classified to resistivity unit 3 18 
and are correlated to till of the Vandalia Member and underlying glaciolacustrine sediment of the Teneriffe 19 
Silt (geologic mapping unit 5IL, subunits 5IL and 2IL, respectively). Sand and gravel of the Pearl Formation 20 
(geologic mapping unit 8IL; fig. GF) encountered in borehole PIAT-08-02 lie below materials of resistivity 21 
unit 3 at depths of 145–165 feet (44–50 m) (table EER1). Unfortunately, it was not possible to delineate the 22 
extent of sand and gravel from the resistivity data; these materials are probably buried too deeply or not of 23 
sufficient thickness to be differentiated at the Lodge Park Forest Preserve. The boundaries of the resistivity 24 
units along the Bottom Profile survey only crudely approximate the correlative sedimentary sequences 25 
because the electrical contrast between materials at the Lodge Park Forest Preserve are not as great as in 26 
the other resistivity study areas. 27 
 28 
Resistivity values measured in materials along the Bluff Profile survey line are similar to the data collected 29 
along part of the South Road survey at Allerton Park (figs. EER2 and EER7). Both survey lines cross the 30 
uplands paralleling the Sangamon River valley, and are set back several hundred feet from the river bluff 31 
line. In both surveys, materials found near the land surface have a relatively low resistivity and are classified 32 
to resistivity unit 1b. This unit is underlain by deposits containing materials having moderately low 33 
resistivity (resistivity unit 2b) and low resistivity (resistivity unit 3). All three resistivity units along the 34 
Bluff Profile survey line are continuous and can be correlated to resistivity units at the northwestern end of 35 
the Bottom Profile survey (fig. EER7). 36 
 37 
 38 
 39 
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River Bend Forest Preserve 1 
One resistivity survey was completed on Champaign County Forest Preserve District’s River Bend property 2 
during September 2007. This resistivity study area is located 0.5 miles southwest of the Village of Mahomet 3 
along the Sangamon River and was developed on reclaimed land previously mined for sand and gravel (fig. 4 
EER8). The property extends from Eastings 378,200 m to 379,200 m and Northings 4,449,200 m to 5 
4,450,000 m (UTM, NAD 83, Zone 16N) or 40.18435º N Latitude, 88.43073º W Longitude to 40.19170º 6 
N Latitude, 88.41914º W Longitude (GCS, NAD 83) and includes parts of Secs. 16 and 21, T20N, R7E, in 7 
Champaign County.  8 
 9 
EER was measured in materials along a survey line extending approximately 1850 feet across the floodplain 10 
of the Sangamon River. From field reconnaissance and the analysis of historical aerial photography, it 11 
appears this part of the floodplain has remained relatively undisturbed from the sand and gravel mining 12 
operation on adjacent property (fig. EER8). The resistivity area is located just south of the Champaign 13 
Moraine at the northeastern end of a long segment of the Sangamon River valley where the floodplain 14 
begins to widen; from River Bend Forest Preserve a broadened floodplain continues southwest for 15 
approximately 18 miles to Allerton Park (fig. 21). South of Mahomet, the floodplain is bordered on the 16 
southeast by glaciofluvial sediments forming outwash terraces and plains (fig. 6). 17 
 18 
The resistivity survey line crosses the floodplain approximately 300 feet northwest of borehole CHAM-07-19 
06A. The resistivity data from River Bend Forest Preserve is shown together with a log of the natural 20 
gamma radiation in figure EER8. A log of the geologic materials encountered in the borehole is provided 21 
in table EER1. The interpreted resistivity data shown in cross section has the same horizontal and vertical 22 
scales; the same scale used for surveys at Allerton Park and Lodge Park Forest Preserve. The vertical scale 23 
is elevation in feet msl. The horizontal scale is feet. 24 
 25 
The resistivity measurements acquired from materials at River Bend Forest Preserve are similar to data 26 
collected along the Bottom Trail survey at Allerton Park (figs. EER3 and EER8). In both surveys, there are 27 
three distinct resistivity units identified: 1) materials near the land surface that are variable in composition 28 
and have generally low to very low resistivity (resistivity units 1a and c); 2) a middle unit of materials 29 
having moderately high resistivity values (resistivity unit 2a); and 3) a lower unit consisting of materials 30 
with consistently lower resistivity (resistivity unit 3). 31 
 32 
At River Bend Forest Preserve, materials of resistivity unit 1a appear to be inset into the materials of 33 
resistivity unit 2a at both the northeastern and southwestern ends of the survey line approaching the active 34 
floodplain of the Sangamon River (fig. EER8). The materials of low resistivity materials (unit 1a) are 35 
encountered within 30–45 feet (9–14 m) of the land surface and correlate to alluvial sand, silt and clay and 36 
glaciofluvial sand and gravel (geologic mapping unit 5WI, subunits 4WI1 and 7WI, respectively) similar 37 
to the sediments encountered in the borehole CHAM-07-06A (table EER1). Resistivity unit 1a could also 38 
include till and associated sediments of the Tiskilwa Formation (geologic mapping unit 5WI, subunit 39 
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5WI3). In borehole CHAM07-06, 5 feet (1.5 m) of the till was cored indicating that this deposit was not 1 
entirely eroded by later geologic events. Till and associated sediments of the Tiskilwa Formation (classified 2 
to resistivity unit 1b in other surveys) is exposed in the steep bluffs along the west side of the Sangamon 3 
River valley. Materials having higher resistivity than were measured in materials classified to resistivity 4 
unit 1a were delineated between stations 345 and 870 feet along the survey line (fig. EER8). These materials 5 
(classified to resistivity unit 1c) could be either sandier alluvium forming a point bar deposit, sand and 6 
gravel in an outwash terrace that has not been mined, or spoil (disturbed ground) from previous mining 7 
activity at the site.   8 
 9 
Geological information collected from borehole CHAM-07-06A (table EER1) indicates that resistivity unit 10 
2a comprises sand and gravel of the Ashmore Tongue of the Henry Formation (geologic mapping unit 8WI; 11 
fig. GF) and stratified sediment (predominantly silty sand and gravel) of the Glasford Formation (geologic 12 
mapping unit 7ILe). The resistivity values of unit 2a range from 100–150 ohm-m (fig. EER8). There is a 13 
sharp contact between materials having higher resistivity (resistivity unit 2a) and deposits containing 14 
material having lower resistivity that are classified to resistivity unit 3. The material composing resistivity 15 
unit 3 correlates to till of the Vandalia Member (geologic mapping unit 5IL, subunit 5IL). 16 
 17 
Fisher 18 
A 0.5 mile long resistivity survey was completed in 2004 in an area located south of the Village of Fisher 19 
and north of Village of Mahomet (fig. 21) as part of earlier geophysical research in east-central Illinois 20 
(Pugin et al. 2004a). The results of this survey appear to record a transition from the overall lower resistivity 21 
values at Allerton Park, Lodge Park Forest Preserve, and River Bend Forest Preserve resistivity study areas 22 
to higher values in northeast Champaign County (figs. EER2–EER10). The Fisher resistivity study area 23 
extends from Eastings 387,600 m to 388,800 m and Northings 4,455,600 m to 4,456,000 m (UTM, NAD 24 
83, Zone 16) or 40.24325º N Latitude, 88.32139º W Longitude to 40.24686º N Latitude, 88.30729º W 25 
Longitude (GCS, NAD 83) in Sec. 29, T21N, R8E, in Champaign County (fig. EER9).  The Fisher 26 
resistivity survey was conducted from east to west along County Road 2550N starting at the approximately 27 
0.5 miles west of the Rantoul Moraine and ending approximately 1.75 miles east of the Big Ditch. The Big 28 
Ditch is a northeastern tributary of the Sangamon River that drains the northeastern quadrant of Champaign 29 
County. A borehole (CHAM-03-03) was drilled in 2003 on the south side of County Road 2550N 30 
approximately 630 feet west of the survey line. The geological and downhole geophysical data collected 31 
from the borehole provides subsurface information to assist with the interpretation of the resistivity data. 32 
 33 
The resistivity measurements from materials along the survey lines in the Fisher area and at River Bend 34 
Forest Preserve are very similar. The only difference in the two surveys is that materials near the land 35 
surface in the Fisher area classified to resistivity unit 1b are correlated to till and associated sediments of 36 
the Batestown Member and Tiskilwa Formation (geologic mapping unit 5WI, subunits 5WI2 and 5WI3, 37 
respectively; fig. GF and table EER1). At River Bend Forest Preserve, these deposits are either not present 38 
or discontinuously preserved below the river alluvium and glaciofluvial sediment. In the Fisher survey area, 39 
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the transition from resistivity unit 1b to materials of higher resistivity below that are classified to resistivity 1 
unit 2a is gradual (fig. EER9). The materials of resistivity unit 2a have a relatively high, though variable, 2 
resistivity and are correlated to a deposit of stratified sediment of the Glasford Formation (geologic mapping 3 
unit 7ILe). A distinct variation in resistivity from high to low was measured in materials at a depth of 4 
approximately 135 feet (41 m) (fig. EER9), and corresponds with a change in material from sand and gravel 5 
to diamicton (table EER1). This diamicton is classified to resistivity unit 3 and correlated to till of the 6 
Vandalia Member (geologic mapping unit 5IL, subunit 5IL). A similar change in resistivity between these 7 
materials was measured in River Bend Forest Preserve and Lodge Park Forest Preserve survey areas. 8 
 9 
Northeast Champaign County 10 
One very long east to west resistivity survey was completed during the spring of 2008 in the Northeast 11 
Champaign County area. This resistivity study area is located approximately 5 miles north of the Village 12 
of Gifford and 2 miles southwest of the Champaign County Forest Preserve District’s Middle Fork River 13 
property (figs. 21 and EER10). This resistivity study was undertaken to assist with the characterization of 14 
subsurface materials over a north–south trending buried valley identified in the area from geologic logs for 15 
boreholes drilled for water supplies. The survey was conducted along the edge of County Road 3400N 16 
between County Roads 2100 E and 2500 E, with a break in the survey to cross County Highway 32 (fig. 17 
EER10), along the north line of Secs. 15, 14 and 13, T22N, R10E and the north line of irregular Sec. 13, 18 
T22N, R11E, in Champaign County. This survey line extends from Eastings 410,000 m to near 416,000 m 19 
and Northings 4,469,500 m to 4,469,500 m (UTM, NAD 83, Zone 16N) or 40.37123º N Latitude, 88.06011º 20 
W Longitude to 40.37185º N Latitude, 87.98945º W Longitude (GCS, NAD 83). To aid in interpretation of 21 
the resistivity data, one borehole (CHAM-09-07) was drilled along the survey line 1700 feet to the west of 22 
County Highway 32. A log of the geologic materials encountered in the borehole is provided in table EER1. 23 
The resistivity data from the survey is shown together with a log of the natural gamma radiation in figure 24 
EER10. 25 
 26 
Based on the positive results of the first survey, additional resistivity data was collected along a west–east 27 
transect 1 mile to the south during the spring and fall of 2009. These surveys, covering 2.25 miles, were 28 
conducted along the edge of County Road 3300N for one mile on the west side County Highway 32, and 29 
for additional 1.25 miles to the east of the highway (fig. EER10). The survey lines follow the north lines of 30 
Secs. 23 and 24, T22N, R10E, and the north line of irregular Sec. 24, T22N, R11E, in Champaign County. 31 
Together these two surveys extend from Eastings 411,600 m to 415,600 m and Nothings 4,467,800 m to 32 
almost 4,467,700 m or 40.35645º N Latitude, 88.04066º W Longitude to 40.35629º N Latitude, 87.99467º 33 
W Longitude.   34 
 35 
This resistivity survey area is located approximately 2.5 miles southwest of the Middle Fork River. This 36 
river system drains the study area to the north and flows to the east and southeast along the front of the 37 
Paxton Moraine (fig. EER10). South of the Middle Fork River valley, the undulating to hummocky till plain 38 
rises gradually to the crest of the Gifford Moraine. The till plain was formed during the Wisconsin Episode 39 
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glaciation when the Laurentide Ice Sheet flowed southwestward to a terminal position at the Gifford 1 
Moraine and deposited till of the Yorkville Member (geologic mapping unit 5WI, subunit 5WI1; fig. GF). 2 
The area of hummocky terrain is composed of subglacial and ice-contact sediments (diamicton) and 3 
proglacial meltwater sediment (sand, silt, or clay) associated with melting of glaciers during retreat of the 4 
ice margin northward. Glaciofluvial sediments (sand and gravel) found along the Middle Fork River valley 5 
were deposited by glacial meltwater flowing in front of the ice sheet that formed the Paxton Moraine (fig. 6 
EER10). During mining along the valley, layers of sand and gravel that are cemented (probably by 7 
carbonate minerals) were in encountered in these sediments and also in older deposits of sand and gravel 8 
excavated below that are correlated to the Glasford Formation (geologic mapping unit 7ILe). Similarly, 9 
several layers of cemented sand and gravel (up to 15 feet thick) were encountered when drilling borehole 10 
CHAM-09-07 within deposits correlated to geologic mapping unit 7ILe.  11 
 12 
The interpreted resistivity data from the four surveys in the Northeast Champaign County area are shown 13 
in figure EER10. Because of the extremely large variation in resistivity within these materials a different 14 
resistivity scale was used to reference these profiles; a scale that is different than used on profiles from the 15 
other resistivity study areas (figs EER2–EER10). Much like the other surveys, the blue and green shading 16 
represents low resistivity values, yellow shading corresponds to intermediate resistivity, and brown to red 17 
shading represents high resistivity values. However, on this scale, the yellow shading or intermediate 18 
resistivity ranges from 240–320 ohm-m, which is higher than the maximum resistivity values measured in 19 
the other surveys (figs EER2–EER9). In the other surveys, the yellow shading represents resistivity values 20 
between 82 and 100 ohm-m. 21 
 22 
Four distinct resistivity units are differentiated in the Northeastern Champaign County survey area, which 23 
generally correspond to different material types (fig. EER10). Materials with low to very low resistivity 24 
(shown in blue colors) were encountered within 30–40 feet (9–12 m) of the land surface are classified to 25 
resistivity unit 1b. Resistivity unit 1b can be correlated to silty clay to clay loam textured tills of the 26 
Yorkville Member, Batestown Member, and Tiskilwa Formation (geologic mapping unit 5WI, subunits 27 
5WI1, 5WI2, and 5WI3, respectively) (table GF). Considerable variability in resistivity values within unit 28 
1b is attributed to the presence of thin, discontinuous beds or inclusions of sand, silt, and clay that were 29 
deposited within or between the tills. 30 
 31 
Resistivity Unit 1b is underlain by approximately 130 feet (39.5 m) of material that generally has a moderate 32 
resistivity (values ranging from 80 and 160 ohm-m), and is classified to resistivity unit 2 (fig. EER10). This 33 
range in resistivity has been measured previously in sandy till or sand encountered elsewhere in Illinois. In 34 
the Northeastern Champaign County area, the materials of resistivity unit 2 can be subdivided into two 35 
subunits. Resistivity unit 2a includes materials (mainly sand and gravel) having the highest resistivity 36 
(shaded yellow, brown, and red) that are correlated to the Ashmore Tongue (geologic mapping unit 8WI) 37 
and stratified sediment of the Glasford Formation (geologic mapping unit 7ILe) (fig. EER10). Sand and 38 
gravel of resistivity unit 2a infill a buried valley (the main target of this study) that is inset into a deposit 39 
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containing layers of diamicton, sand and gravel, and silt and clay (resistivity unit 2b). The areas of very 1 
high resistivity (ranging from 200 to >1000 ohm-m) shown in cross section along County Road 3440N may 2 
also correspond to layers of cemented sand and gravel classified to resistivity unit 2a. The zones of very 3 
high resistivity are not found in materials encountered in the southern two surveys.  4 
 5 
Resistivity units 2a and 2b are underlain by materials of moderate low to low resistivity (classified to 6 
resistivity unit 3) that are shaded green and blue in figure EER10. Materials of resistivity unit 3 are 7 
correlated with the till of Vandalia Member (geologic mapping unit 5IL, subunit 5IL). In the Northeastern 8 
Champaign County area, the upper contact of resistivity unit 3 is more undulating than along other survey 9 
lines, which suggests that significant erosion has occurred, possibly by glacial meltwater that deposited the 10 
sand and gravel of the overlying unit. The till of the Vandalia Member appears to be thickest at the western 11 
and eastern ends of both the northern and southern surveys (fig. EER10). 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
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Chapter 8 1 
Vertical Seismic Profiling 2 
Ahmed M. Ismail, Andrew J. Stumpf and William S. Dey 3 
 4 
The VSP method involved lowering a tri-axial geophone into the borehole to record seismic energy 5 
generated from a source located on land surface a small distance away from the borehole. Because energy 6 
waves from the source travel in a nearly vertical path toward the geophone in the borehole, this method 7 
does not encounter the same problems that are prevalent with the seismic refraction method conducted on 8 
the land surface (e.g., multiple refractions and inability to image low-velocity layers or thin deposits). 9 
Moreover, this method will allow the calculation of velocities along nearly a vertical path, instead of 10 
averaging the velocity in the vertical and horizontal planes, which is necessary when conducting surface 11 
seismic surveys. Therefore, the VSP method is considered a more precise and reliable technique for 12 
measuring high resolution P- and S-wave seismic velocities in the subsurface. 13 
 14 
Because accurate interpretations of seismic reflection data requires control parameters that characterize the 15 
materials in the subsurface, downhole vertical seismic profiling (VSP) is undertaken in boreholes located 16 
along or in the vicinity of the lines of survey. Undertaking a VSP survey is the most appropriate method to 17 
obtain subsurface reference data that can be used in data interpolation. This method uses similar source and 18 
frequency ranges as seismic reflection methods. In addition, velocities measured in boreholes may be the 19 
only reliable data from which seismic reflection measurements can be accurately correlated with depth 20 
(Hunter et. al. 1998). 21 
 22 
METHODS 23 
High-quality downhole (surface-source downhole-receiver) shear and compression wave seismic data were 24 
collected from fifteen boreholes with depths ranging from 111.6–332.1 feet (34.0–102.2 m, fig. 16). 25 
Information about the location and development of the boreholes is provided in tables 1 and 6. The sensor 26 
used to acquire the VSP data was a geophone (Model BHG-3) manufactured by Geostuff Instruments. The 27 
geophone contains three orthogonal 14-Hz-geophones, one vertical and two horizontal in an X-Y-Z 28 
configuration. The geophones are connected to a controller that powers the fluxgate compass and servo 29 
mechanism to automatically orient the horizontal geophones to a preselected magnetic azimuth that aligns 30 
with the orientation of the source on the land surface. The seismic waves are generated by obliquely hitting 31 
an inclined steel plate weighted down by a vehicle with a sledge hammer; a setup located 10 feet (3.3 m) 32 
away from the borehole (fig. 25). Hitting the plate generates a wave containing vertically polarized P-wave 33 
and horizontally polarized S-wave components. The plate is oriented parallel to one of the horizontal 34 
downhole geophones so that the maximum S-wave energy is received to estimate the S-wave first arrivals. 35 
The data was recorded using the Strataview™ digital seismograph manufactured by Geometrics, 36 
Incorporated. 37 
 38 
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The acquired downhole data were analyzed and processed using the Win_Downhole seismic software from 1 
W_Geosoft/Geo2X S.à.r.l. The data is first converted from the SEG-2 data format into the Win_Downhole 2 
internal format before merging the recording parameters and field geometry into file headers. The P-wave 3 
and S-wave records are then extracted out to create a separate file for each data type. Preliminary analyze 4 
of the P-and S-wave data showed clear and distinct first breaks, and therefore no further reductions were 5 
required. Frequency filtering and an automatic gain control were applied to the data for boreholes CHAM-6 
07-03A (Seismic_ID=BH-2) and CHAM-07-02A (Seismic_ID=BH-6) (fig. 16). Undertaking this 7 
additional processing removed the high frequency noise caused by a flowing stream near borehole CHAM-8 
07-03A and low frequency noise created by vehicles travelling along a highway near borehole CHAM-07-9 
02A. 10 
 11 
The first arrivals recorded in each data set were selected manually. It was assumed that the chosen travel 12 
time accurately represents the time required by the wave to move directly from the source to the geophone 13 
without encountering any refraction at the boundaries of different geologic materials or seismic units. The 14 
travel times chosen were automatically plotted by the software against the corresponding depth generating 15 
a travel-time curve for each borehole dataset. A sliding-average smoothing algorithm was applied to the 16 
travel-time curve to enhance the precision of the time estimates. The software automatically corrected the 17 
travel time along the path (source to receiver) to the equivalent time required to travel vertically from the 18 
surface down to the receiver. The corrected travel time and the measured vertical depth were then used to 19 
calculate the seismic velocities of each seismic unit using the direct method of calculation, and the velocity 20 
at each depth interval in the borehole generated to produce a seismic velocity-depth line. 21 
 22 
RESULTS 23 
Correlation of the downhole seismic velocity profiles (VSP) measured in fifteen boreholes with the 24 
corresponding geological and natural gamma radiation data enabled us to determine the seismic velocity 25 
ranges and variations within materials that have a variable lithology and are of different seismic velocities. 26 
The P-wave velocity (Vp) ranged from a low of 1640 ft/sec (500 m/s) to a high of 11,480 ft/sec (3500 m/s). 27 
The S-wave velocity (Vs) ranged from a low of 394 ft/sec (120 m/s) to a high of 3772 ft/sec (1150 m/s). 28 
Neither the Vp nor the Vs data exhibited a regular pattern of velocity change with depth, but rather 29 
fluctuation on the order of 3000 m/s for the Vp and a relatively lower fluctuation on the order of 900 m/s 30 
for the Vs were observed. In the following section, a discussion of these seismic velocity variations and the 31 
different geologic materials encountered is provided.  32 
 33 
Deposits of the Wisconsin Episode 34 
Analysis of the VSP logs from the fifteen boreholes, the Vp measured in till and associated sediments of 35 
the Tiskilwa Formation (geologic mapping unit 5WI, subunit 5WI3; fig. GF) show a general increase with 36 
depth from 500 m/s to 3500 m/s with significant fluctuations on the order of 3000 m/s (figs. SV1–3). The 37 
relatively high Vp within this geologic mapping unit is presumably due to its relatively higher compaction 38 
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(reduction in porosity) and lower moisture content. Overall, sediments of the Tiskilwa Formation have an 1 
average Vp that is higher than velocities measured in the underlying materials deposited during the Illinois 2 
and pre-Illinois Episodes. An abrupt drop in the Vp was measured in the lower part of geologic mapping 3 
unit 5WI, subunit 5WI3. These variations are attributed to the incorporation, by glacial erosion, of less 4 
compacted silt, and sand and gravel that compose the older deposits present below. Errors in estimating the 5 
thickness are possible if in the calculations this unit is presumed to contain a homogenous deposit. 6 
 7 
Results from this study illustrate how increased moisture content in geologic materials can significantly 8 
increase the Vp. A significant increase in Vp was encountered in till and associated sediments of the 9 
Tiskilwa Formation (geologic map unit 5WI, subunit 5WI3) at depths of less than 30 feet (10 m), marking 10 
the transition between partially saturated to fully saturated conditions below the surficial groundwater table 11 
(figs SV1–3). Also, partially saturated deposits of sand and gravel correlated to the Ashmore Tongue of the 12 
Henry Formation (geologic mapping unit 8WI) was encountered in six boreholes directly below the 13 
geologic mapping unit 5WI and having Vp averaging 1800 m/s. Water-saturated sediment has a Vp of 14 
approximately 1480 m/s. This increase in Vp is significant, and contrasts sharply with the lower Vp (1000 15 
m/s) measured in dewatered sediment (e.g., Ashmore Tongue, Henry Formation) in borehole CHAM-09-16 
02A (table SV1).  17 
 18 
The Vs measured in geologic materials vary much more than Vp with change in depth. In till and associated 19 
sediments of the Tiskilwa Formation (geological unit 5WI, subunit 5WI3), the Vs gradually increases with 20 
depth of burial from about 120 m/s to 400 m/s, with minor fluctuations on the order of 50 m/s (e.g., MW-21 
5, fig. SV1). The gradual increase in velocity within this geologic mapping unit is probably due to an 22 
increase in consolidation with depth. The increase in Vs with depth is very gradual in some boreholes, 23 
suggesting materials composing this unit are relatively uniform in composition. Alternately, in other 24 
boreholes, velocity fluctuations in geological mapping unit 5WI were measured in intervals where beds of 25 
proglacial meltwater sediment that are looser and less dense were encountered. No abrupt change in Vs was 26 
measured between materials having different moisture contents. Deposits of sand and gravel correlated to 27 
the Ashmore Tongue of the Henry Formation (geologic unit 8WI) are commonly water-bearing, but have 28 
low Vs (reaching a maximum of ~150 m/s). Also, there is no significant change in velocity above and below 29 
the surficial water table.  30 
 31 
Deposits of the Illinois Episode 32 
The Illinois Episode stratigraphy comprise materials of the Glasford Formation including an upper 33 
undifferentiated and interstratified deposit of the ice-marginal, glaciolacustrine, and glaciofluvial sediment 34 
(correlated to geologic mapping unit 7ILe) that overlies till of the Vandalia Member (geologic mapping 35 
unit 5IL, subunit 5IL) (table GF). These units overlie basal deposits of glaciolacustrine and glaciofluvial 36 
sediment classified to the Teneriffe Silt (geologic mapping unit 5IL, subunit 2IL) and Pearl Formation 37 
(geologic mapping unit 8IL). These materials have relatively variable Vp between boreholes (figs SV1–3). 38 
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In addition, there was no consistent variation (increase or decrease) in Vp measured in the boreholes across 1 
the contact between deposits of Wisconsin and the Illinois Episodes. Even within these deposits, the Vp 2 
does not vary significantly. 3 
 4 
In contrast, the Vs significantly increase between deposits of the Wisconsin and Illinois Episodes. 5 
Exceptions to this trend were measured in three boreholes (CHAM-09-06, CHAM-08-04, and CHAM-08-6 
01) where the Vs decrease with depth. In these boreholes, till or glaciofluvial sediment of the Wisconsin 7 
Episode (geologic mapping units 5IL, subunit 5IL3 and 8WI) directly overlie silt and clay correlated to the 8 
Glasford Formation (geologic mapping unit 7ILe) (table SV1). The decrease in Vs is presumably due to the 9 
contrast in grain size and compaction between the diamicton or sand and gravel and the finer-textured 10 
sediment below. This contrast in Vs is significant and is very likely to be detected by an S-wave seismic 11 
reflection survey. The highest Vs (ranging from 500 to 1150 m/s) were measured in till of the Vandalia 12 
Member (figs. SV1–3). In the seismic survey areas this till is commonly very stiff to hard, has a loam 13 
texture, and contains few interbeds of softer, water-sorted sediment.    14 
 15 
Deposits of the Pre-Illinois Episode 16 
Deposits of Pre-Illinois Episode include multiple units of diamicton, silt and clay, and sand and gravel 17 
correlated to the Banner Formation. The diamictons and silt and clay were deposited during the advance of 18 
pre-Illinois glaciers during multiple glaciations. The diamictons are correlated to geologic mapping units 19 
5PIL, subunits 5PIL1, 5PIL2, and 5PIl3 and 8PIL, subunit 5PIL4) (tables SV1 and GF). Deposits of silt 20 
and clay, correlated to geologic mapping unit 5PIL, subunits 2PIL1 and 2PIL2 were laid down in front the 21 
advancing glaciers in valleys and low-lying area on uplands where drainage was blocked or diverted. 22 
Deposits of sand and gravel correlated to the Mahomet Sand Member (geologic mapping unit 8PIL, 23 
subunits 8PIL1 and 8PIL2) (tables SV1 and GF) partially fill the Mahomet Bedrock Valley that underlies 24 
a portion of the project area. These deposits of sand and gravel collectively have a total thickness of 65–25 
165 feet (20–50 m), and likely deposited in front of advancing glaciers during the earliest pre-Illinois 26 
glaciations. 27 
 28 
There appears to be no significant change in Vp between the fine-textured sediment (till and glaciolacustrine 29 
sediment) of the Glasford and Banner Formations. However, where sand and gravel of the Pearl Formation 30 
(geologic mapping unit 8IL) overlies tills of the Banner Formation (geologic mapping units 5PIL, subunits 31 
5PIL1 and 5PIL2) or till of the Vandalia Member (geologic mapping unit 5IL, subunit 5IL) overlies the 32 
Pearl Formation (geologic mapping unit 8IL) (table SV1), no significant change in Vp was measured (e.g., 33 
boreholes CHAM-08-04 and CHAM-07-02A). Relatively low Vp (ranging from 1700–2500 m/s) was 34 
measured in sand and gravel of the Mahomet Sand Member in all the boreholes where present (fig. SV1–35 
3). Also, significant fluctuations in Vp (up to 800 m/s) were measured within the geologic mapping unit 36 
8PIL and between geologic mapping units 8IL and 8PIL (fig. SV1). The variations in Vp are probably 37 
related to differences in moisture content, grain size and porosity, mineralogy, or a combination of these 38 
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parameters. For example, in borehole MW5 (fig. SV1), the Vp decreases downward from a maximum of 1 
2200 m/s at 210 feet (65 m) to 1700 m/s at 260 feet (80 m), and then increases gradually to 2000 m/s at a 2 
depth of 295 feet (90 m). The Vp decrease measured from 210–260 feet (65–80 m) is probably attributed 3 
to differences in texture, porosity or moisture content between deposits of sand and gravel of the Pearl 4 
Formation and Mahomet Sand Member. The gradual increase in velocity measured from 265–290 feet (80–5 
90 m) may result from changes in the properties of sand and gravel composing the two separate subunits of 6 
the Mahomet Sand Member. Also, the natural gamma radiation data collected from the borehole appears to 7 
delineate contact between the subunits at a similar depth, but no core or drill cutting samples were collected 8 
to confirm these interpretations.         9 
 10 
The Vs measured in diamictons and silt and clay that are correlated to the Banner Formation (geologic 11 
mapping unit 5PIL, subunits 5PIL1, 5PIL2, 2PIL1, 5PIL3, and 2PIL2) are typically higher than Vs 12 
measured in the overlying till of the Vandalia Member (geologic mapping unit 5IL, subunit 5IL) (e.g., 13 
borehole CHAM-08-02A; fig SV3). The Vs of sand and gravel correlated to the Mahomet Sand Member is 14 
significantly lower than overlying finer-textured materials of the Glasford and Banner Formations. 15 
Commonly, in the Mahomet Bedrock Valley, geologic mapping unit 8PIL is a continuous deposit lying 16 
directly on bedrock and below younger deposits of the Glasford and Banner Formations. But locally in the 17 
northern part of Champaign County in borehole CHAM-09-03A (fig. 16 and table SV1), an older till 18 
correlated to the West Lebanon Member, Banner Formation (geologic mapping unit 8PIL, subunit 5PIL4; 19 
table GF) is present that separates the two subunits of the Mahomet Sand Member. Previous to this project, 20 
the Mahomet Sand Member was mapped as one continuous unit in east-central Illinois (e.g. Soller et al, 21 
1999). 22 
 23 
The Vp and Vs of bedrock were measured in three boreholes. Although most boreholes were drilled 15–50 24 
feet (5–15 m) into bedrock, all but three were backfilled with grout above the bedrock surface when 25 
installing groundwater monitoring wells in the overlying deposits of sand and gravel. Generally, both the 26 
Vp and Vs increased significantly between the glacial and nonglacial sediments and bedrock. However, the 27 
depth at which the velocities began to increase did not always correlate with the top of the bedrock that was 28 
estimated from the geological and natural gamma radiation data. In the project area, the bedrock surface is 29 
often covered by preglacial deposits of diamicton, silt, or sand and gravel of variable thickness that contain 30 
fragments of the local bedrock (e.g., borehole CHAM-07-03A; fig. SV2). Where measured, the VP and VS 31 
of these materials are similar to the velocities of bedrock. 32 
 33 
 34 
 35 
 36 
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Chapter 9 1 
Borehole Geophysical Logging 2 
Tim C. Young and Andrew J. Stumpf 3 
 4 
The ISGS has been applying and developing geophysical logging techniques for mineral, groundwater, 5 
environmental and engineering investigations over the past 70 years. The earliest and first reported use of 6 
geophysical logging by the ISGS in Illinois was for groundwater investigations.  Bays (1943), and Bays 7 
and Folk (1944).revealed the utility and benefit of geophysical logging for groundwater in deep bedrock 8 
wells of Northern Illinois. Later, Foster and Buhle (1951) further described the benefit of downhole 9 
geophysical logging for groundwater applications in unconsolidated glacial formations in Illinois. These 10 
particular methods, spontaneous potential (SP) and normal resistivity, or electrical logs (E-logs), were 11 
adapted from oil well logging and modified to suit the conditions in water wells. In the early 1970’s, a used 12 
logging system was donated to the ISGS and downhole logging was expanded to include residential wells 13 
and engineering test holes (Reed 1975, 1985).  In 1989, an advanced analog system of logging equipment 14 
and tools, some still in use today, was acquired by the ISGS. In 1994, this system was converted to digital 15 
which greatly enhanced our ability to process, interpret, reproduce and disseminate geophysical log data. 16 
A case study which utilized this new digital system demonstrated the benefit of combined surface and 17 
borehole geophysical methods for enhanced groundwater exploration within unconsolidated formations 18 
(Young and Larson 2000). 19 
 20 
Since the late 1990’s, the ISGS rapidly expanded the logging program which became a major component 21 
of the geologic mapping program (Dixon-Warren and Stohr 2003). Currently, the downhole logging 22 
program maintains 4 digital geophysical logging systems to assist the Survey’s research and geologic 23 
mapping, in addition to water well drillers, consulting engineers, and government agencies to help 24 
characterize the subsurface geology and hydrogeology. The drill rigs the ISGS maintain were outfitted with 25 
portable logging units that are used to collect downhole geophysical data for every borehole drilled. Mostly 26 
recently, the ISGS has provided logging expertise in support of CO2 sequestration studies involving 27 
Enhanced Oil Recovery (EOR), Enhanced Coalbed Methane production (ECBM), and deep saline reservoir 28 
storage of CO2 in the Illinois Basin (Finley et al, 2010). 29 
 30 
Most commercial geophysical logging methods and systems were originally designed to accommodate 31 
uncased, open-hole environments for the oil and gas industry. With an increased desire for applying logging 32 
methods for the groundwater, mineral, environmental, and engineering industries, a small segment of the 33 
geophysical logging industry evolved over decades to accommodate logging of smaller diameter holes and 34 
wells commonly referred to as slimline logging. Slimline logging systems are designed to run in smaller 35 
diameter, open and cased boreholes or wells, including 2-inch polyvinyl chloride (PVC) casing. In addition 36 
to being smaller in diameter, these types of wells or test holes are generally much shallower than typical 37 
oilfield wells and therefore use much smaller winches and cables. The winches are generally small enough 38 
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to be housed within Sport Utility Vehicles (SUVs) or larger trucks with an emphasis on mobility and quick 1 
access to a site. These systems have been particularly useful in the development of monitoring well 2 
networks, such as the one established over the Mahomet aquifer to study this vast and extremely valuable 3 
water resource in east-central Illinois.  4 
 5 
One of the most common and reliable geophysical logging methods used today in cased holes by the 6 
slimline logging industry, particularly within unconsolidated sediments, is natural gamma, or gamma-ray 7 
logging. Natural gamma logging, is a passive method (hence the term “natural”) that detects variations in 8 
energy emitted from naturally occurring radioactive isotopes (radioisotopes) present within the earth 9 
material or formation surrounding the borehole. Since gamma radiation can penetrate through metal, plastic, 10 
etc., natural gamma logs can be recorded in cased, uncased, steel or PVC, and air-filled or fluid-filled 11 
boreholes or wells. However, as the casing material increases in thickness and density, gamma penetration 12 
diminishes. Gamma radiation energy also diminishes exponentially with distance from the borehole wall, 13 
and for these reasons, natural gamma was ideally suited to log through new and existing boreholes. The 14 
relatively close proximity of the detector to the borehole wall (~3.7–3.9-inch hole diameter) and relatively 15 
thin casing thickness (~7/32 inch) when logging through an HQ core rod allow for a more sensitive response 16 
from the detector. The consistency with the borehole conditions (combined with core and other available 17 
data) allow for a more quantitative as well as qualitative assessment of the geologic materials surrounding 18 
the borehole.  19 
 20 
Several other downhole geophysical methods used in this project include, 1) fluid temperature and 21 
resistivity logging; 2) electromagnetic (EM) induction logging and 3) spectral gamma logging. Unlike 22 
natural gamma logging that detects gamma radiation from the entire, or total energy spectrum, spectral 23 
gamma was designed to differentiate between the individual isotopes and their energy spectrum. By 24 
knowing the concentration of radioisotopes associated with a particular formation, it is anticipated that 25 
geologists might be able to identify specific stratigraphic units by spectral gamma alone.   26 
 27 
The ISGS has several other downhole methods that have been employed including, neutron, full waveform 28 
sonic (FWS), self-potential (SP), single-point resistance (SPR), 8, 16, 32 and 64 inch normal resistivity, 29 
and caliper logging. Although neutron logging requires an active radioactive source, it has considerable 30 
application in hydrogeological studies. The resistivity and sonic measurements are extremely useful in 31 
correlating and calibrating with the surface geophysical methods (electrical earth resistivity imaging and 32 
seismic reflection and refraction) used to map geologic materials in the subsurface. However, SP, SPR, 33 
normal resistivity logs and FWS can only record formation related data in open, fluid-filled boreholes. 34 
Typically, the data is collected from the bottom of the hole to the top, but in some cases and with specific 35 
types of probes, the data is recorded down the hole. Such is the case with a fluid temperature and resistivity 36 
probe. 37 
 38 
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Since 2002, the ISGS has been conducting downhole vertical seismic profiling (VSP) in boreholes drilled 1 
for the geologic mapping program. The measurement of seismic velocities is necessary to make the most 2 
accurate interpretations of geologic materials in the subsurface from the surface seismic data. The seismic 3 
velocity data is collected in boreholes along or in the vicinity of the surface seismic surveys prior to the 4 
processing of the surface seismic data to obtain knowledge of the seismic velocities structure in these 5 
materials. The geological information from boreholes together with the measured velocity-depth logs 6 
enable selection of the proper method for seismic surveys, adjusting the survey parameters, and controlling 7 
the seismic interpretations. 8 
 9 
 10 
NATURAL GAMMA 11 
Methods 12 
The main logging system currently used by the ISGS to measure natural gamma radiation as well as other 13 
downhole geophysical data is a 2000 model MGXII digital logging acquisition system manufactured by 14 
Mount Sopris Instrument Company Incorporated located in Golden, Colorado. The cable is a 3/16-inch 15 
(0.48-cm) (outside diameter) single-conductor coaxial cable and is spooled on a Mount Sopris 4WNA-1000 16 
winch, capable of carrying up to 5,900 feet (1,800 m) of 3/16-inch (0.48-cm) diameter cable. Probes and/or 17 
sondes are connected to and powered up from the cable, calibrated if necessary, then lowered down to the 18 
bottom of a borehole. Specific information concerning the borehole is recorded along with precise depth 19 
measurements and other pertinent logging information onto a log header. Data are recorded on a customized 20 
industrial rack-mounted computer manufactured by Broadax Systems Incorporated (BSI), City of Industry, 21 
California. The operating software, MSLog, saves data in a proprietary file format (.rd) in addition to an 22 
ascii standard (.las) file format (version 2.0). The ISGS has a site license for WellCAD™ software (version 23 
4.3) that was specifically programmed to post-process .rd files. WellCAD was developed by Advance Logic 24 
Technology sàrl (ALT) of Luxembourg.  25 
 26 
For this project, a 2PGA-1000 gamma probe (PolyGamma) manufactured by Mount Sopris was used to 27 
measure natural gamma radiation. The PolyGamma probe is also equipped to record SP and SPR data. As 28 
mentioned earlier, the gamma probe measures naturally occurring radiation emitted from geologic materials 29 
surrounding the probe. Most natural earth radiation is generated from isotopes of Potassium-40 (40K), and 30 
the natural decay series of Uranium-238 (238U) and Thorium-232 (232Th) (Keys 1990; Telford et al. 1990; 31 
Kearey and Brooks 1991; Rider 1996). A thallium activated sodium-iodide scintillation gamma ray detector 32 
located in the bottom half of the probe, which when struck by a gamma ray emits a pulse of light. The light 33 
emissions are amplified by a photon multiplier and outputted as a current pulse that is transmitted through 34 
a cable to the receiver. The pulses are counted and displayed as counts per second (CPS). 35 
 36 
In Illinois, these radioisotopes are more abundant in clay-rich lacustrine sediments and argillaceous bedrock 37 
(shale and claystone), and less concentrated in well sorted and sand and gravel and quartzose- or carbonate-38 
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rich materials (table 7). The gamma probe responds principally to the presence of K40 bound in clays 1 
(primarily illite) and is used to estimate the relative clay content (Doveton and Prensky 1992; Hesselbo 2 
1997). Exceptions will occur if a coarse-grained unit contains lithologies such as shale or crystalline granitic 3 
material, which may cause higher than normal gamma counts (Cant 1992). In glacigenic sediments, 4 
variability in gamma response is related principally to the matrix clay content and locally to the presence 5 
of concentrations of granitic, gneissic, and shale lithologies, which are a source of K, U, and Th (Pehme 6 
1984). Consequently, a low natural gamma response generally indicates zones of porous and permeable 7 
sand and gravel in unconsolidated sediments, and crystalline limestone and dolomite bedrock. Fluid or air-8 
filled, plastic or steel cased boreholes do impede the levels of radiation detected by the sodium-iodide 9 
detector in the gamma probe. The radius of detection is generally between 6 and 12 inches (table 8). 10 
 11 
In uncased boreholes, the ISGS generally operate the PolyGamma probe in combination with another 12 
Mount Sopris tool, the 2PEA-1000 PolyElectric probe. This probe is capable of measuring normal 13 
resistivity by four electrodes spaced at 8, 16, 32 and 64 inches (Mount Sopris Instruments, Inc. 2002b). 14 
When combined with the PolyGamma probe, a total of seven measurements are recorded in a single run in 15 
the borehole. For this particular project, the poly probe was only used in open mud rotary test holes since 16 
E-logs are designed for uncased and fluid-filled boreholes.  17 
 18 
Logs of natural gamma radiation provide a highly visual and objective representation of the lithologic 19 
characteristics of geologic materials in the subsurface. These logs can allow a basic correlation of strata and 20 
recognition of subtle variations vertically in those strata (Boyce and Eyles 2000; Norris 1972). Logs can be 21 
generated in the field immediately after drilling and provide a useable proxy for multiple and complex 22 
laboratory analyses. Perhaps most importantly, logs of gamma radiation from glacigenic sediments exhibit 23 
vertical profiles of lithology, texture, or mineralogy represented by distinctive log form and (or) count rate 24 
that can be used to identify regional widespread marker beds or sequences of units, or possibly infer their 25 
process of deposition and/or the type of glacigenic sequence (Bleuer 2004; Reed 1985). 26 
 27 
For this project, geophysical data from 68 boreholes was analyzed (fig. 24). Of these boreholes, many were 28 
drilled by the ISGS and gamma radiation data, only, collected in 52 of them (table 9). The remaining 29 
boreholes were logged using probes that collect multiple types of downhole data in one survey, including 30 
electromagnetic induction (formation conductivity and inverse resistivity), fluid temperature, fluid 31 
resistivity, 8-, 16-, 32- and 64-inch normal resistivity, single-point resistance, and spontaneous potential 32 
(table 8). Geophysical data was analyzed from an additional 60 boreholes that were logged by the ISGS for 33 
earlier studies of the Mahomet aquifer (table 9). 34 
 35 
Results 36 
Analysis of natural gamma radiation data from six boreholes confirms a correlation between relative grain 37 
size of geologic materials and radioisotope abundance (fig. NG1). Generally higher natural gamma 38 
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radiation was measured in silt, fine sand, and clay of geologic mapping units 2IL, 2PIL1, and 2PIL2, and 1 
the lowest in glacial outwash (sand and gravel) of geologic mapping units 7WI, 8WI, 8IL, 8PIL1, and 2 
8PIL2. The natural gamma radiation measured in the other geologic materials is more variable and likely 3 
controlled, in part, by other factors including organic matter content and mineralogy or geochemistry. The 4 
deposits of alluvial sediment (geologic mapping units 4WI, 4PIL1, and 4PIL2) and ice marginal and 5 
supraglacial sediment (geologic mapping unit 7ILe) contain interbeds of sand, silt, and clay that would 6 
return varying measurements vertically in the borehole. The alluvial sediments may also contain buried 7 
soils that are enriched in clay, which produce bell- to funnel-shaped patterns on the gamma log (Bleuer 8 
2004). Alluvial sediment that directly overlying the bedrock (geologic mapping unit 4PIL2) contain a higher 9 
proportion of bedrock material that contain either high or low amounts of gamma radiation depending upon 10 
the lithology. 11 
 12 
The glacial tills (geologic mapping units 5WI1, 5WI2, 5WI3, 5IL, 5PIL1, 5PIL2, 5PIL3, and 5PIL4) have 13 
moderate to high natural gamma radiation, averaging 46.8 CPS, but radiation in some tills varies 14 
significantly. The tills have complex histories and formed from materials of different lithology and grain 15 
size that can produce variations in natural gamma radiation. These tills contain material derived not only 16 
from the local bedrock, but far-travelled material eroded from unconsolidated sediments and bedrock 17 
located up-ice. The tills often contain bedrock material (e.g., granite and metamorphic rocks) having a 18 
source area in the Canadian Shield. Variability within tills correlated to geologic mapping units 5IL and 19 
5PIL3 could result from variability in the lithology of the matrix and clast components. For example, till of 20 
the Vandalia Member (geologic mapping unit 5IL) has relatively lower gamma radiation because it contains 21 
a higher carbonate content in the matrix (21–36 %) and more clasts of dolomite and limestone in the coarser 22 
fractions than other tills (table 3; figure GF). These lithologies emit lower amounts of natural gamma 23 
radiation. But till of the Vandalia Member also contains clasts of granite and gneiss that emit higher amounts 24 
of natural gamma radiation. In some intervals containing till of the Harmattan Member has much higher 25 
gamma radiation than measured in the other tills, which may be attributed to the presence of black shale 26 
and coal pebbles. 27 
 28 
Overall, the bedrock has much higher gamma radiation as compared to the unconsolidated sediments, 29 
ranging from 55.2–575.2 CPS. The bedrock in the boreholes analyzed include Pennsylvanian- and 30 
Mississippian-age shale, claystone, underclay, coal (low gamma intensity), black shale, and siltstone; 31 
lithologies that would contain higher gamma radiation. Pennsylvanian-age carbonaceous, black shale has 32 
the highest radiation, locally exceeding 500 CPS. Black shales contain increased concentrations of U238 that 33 
is adsorbed by organic matter (Fertl and Chilingar 1988). 34 
 35 
 36 
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ELECTROMAGNETIC (EM) INDUCTION 1 
Methods 2 
For conducting electromagnetic induction surveys, the ISGS used a Mount Sopris 2PIA-1000 (retrofitted 3 
from Geonics EM39 slimline induction tool) probe designed to run attached to the 2PGA-1000 gamma 4 
probe. This setup is designed to measure the bulk apparent conductivity of materials and pore fluids 5 
surrounding the borehole. The conductivity of materials surrounding the borehole is measured using a 6 
magnetic field that induces an electric field, which in turn produces electric currents in the materials. The 7 
electric current flowing within the surrounding materials and fluids (induced from the electrical field) is 8 
measured by the probe as a function of conductivity, the inverse of resistivity. 9 
 10 
EM induction measurements can be made in uncased boreholes filled with water, air, or mud and through 11 
PVC casing. Changes in electrical conductivity are caused by variations in porosity, borehole diameter, 12 
concentration of dissolved solids (conductivity) in the groundwater, silt and clay content of materials, and 13 
mineralogy (metallic minerals) (McArthur et al. 2010;  Williams and Lane, 1998; Johnson et al. 1992). 14 
Relatively high EM induction measurements correspond to clean, well sorted sand containing conductive 15 
groundwater, producing a low gamma radiation response (Williams et al. 1993). 16 
 17 
The major benefit of using the EM induction probe is that it can measure resistivity, equivalent to 18 
approximately16-inch normal resistivity measurement, in nonconductive casing such as PVC and in 19 
boreholes filled with air, water, or mud, whereas resistivity can only be logged in uncased boreholes filled 20 
with a conductive fluid. The probe is also designed so that conductivity measurements can be measured 21 
within a maximum radius of 11 inches (28 cm). The EM induction probe collects data having a vertical 22 
resolution of 26 inches (65 cm) (Mount Sopris Instruments, Inc. 2002c). In boreholes with diameters of 6 23 
inches or less, the conductance of the borehole fluids has a negligible effect on the induction log response. 24 
Therefore, the EM probe is ideal for determining the apparent resistivity within 2-inch diameter PVC casing 25 
used in the construction of groundwater monitoring wells, which are typically installed in boreholes that 26 
are narrower than 5 inches in diameter. The logs generated from the EM induction measurements are used 27 
to delineate changes in lithology of sediment and bedrock or the electrical properties of pore water in the 28 
geologic materials. EM conductivity is recorded in millisiemens per meter (mS/m), and inversely, direct 29 
current (DC) resistivity in ohm-m. 30 
 31 
For this project, a portion of the monitoring wells were logged with a setup combining the 2PIA and 2PGA 32 
probes in order to: 1) Collect formation conductivity/resistivity data that cannot be collected along with the 33 
gamma, through the steel HQ core rod immediately after drilling, 2) Compare with surface resistivity 34 
profiles that were collected in study region, and 3) Compare pre- and post-well development effects on the 35 
natural gamma intensity. All the natural gamma measurements were recorded immediately upon completion 36 
of drilling and prior to well construction through the steel casing. EM induction measurements were 37 
collected in 4? boreholes (table 9). 38 
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Results 1 
Silty to clay-rich sediments are typically more conductive than clean well sorted sand and gravel. As a 2 
result, the log of conductivity tends to subparallel the natural gamma response (fig. EM1). Within deposits 3 
of glacial outwash correlated to the Pearl and Banner Formations (geologic mapping units 8IL and 8PIL), 4 
the content of sand and gravel is often inversely correlated with changes in conductivity. Although, local 5 
deviations from this conductivity response may be related to changes in the conductivity of pore-water (i.e., 6 
total dissolved solids) within materials surrounding the borehole. The conductivity log can respond to 7 
variations in grain size, mineralization, and even water quality within a sand and gravel formation (such as 8 
the Mahomet aquifer), whereas gamma may show very little variation within a relatively clay-free aquifer. 9 
The EM induction probe has some of the same benefits as E-logs but without the borehole restrictions. The 10 
EM induction probe is housed in a non-conductive fiberglass tube and requires more attention in regards to 11 
calibration and handling. 12 
 13 
 14 
FLUID TEMPERATURE AND RESISTIVITY 15 
Methods 16 
Fluid temperature and resistivity (inverse of conductivity) logging measures thermal gradients and electrical 17 
resistivity of fluid in the borehole. Changes in the electrical resistivity indicate differences in the 18 
concentration of the total dissolved solids in the borehole fluids (Williams and Conger 1990). Since 19 
temperature affects conductivity, a shift in temperature will almost always cause some shift in resistivity, 20 
but the inverse is not necessarily true. A change in total dissolved solids (TDS) does not necessarily affect 21 
temperature.  22 
 23 
In open, uncased bedrock wells, the temperature gradually increases with the geothermal gradient, about 1 24 
°F per 100 feet increase in depth with the absence of fluid flow in the borehole (Keys 1990). Depending on 25 
the velocity of fluid within a borehole, intervals of vertical flow are characterized by little or no temperature 26 
gradient. Changes in temperature can be used to identify where water enters or exits the borehole, zones of 27 
horizontal groundwater flow (Williams and Conger 1990). Differences in resistivity typically indicate 28 
sources of water that have contrasting chemistry and have come from different transmissive zone.  29 
 30 
Fluid temperature and resistivity logging of PVC cased monitoring wells within unconsolidated formations 31 
is relatively unique within the groundwater and geophysical logging industry in the United States. Certain 32 
criteria must be known before considering logging with temperature including, 1) depth of static water level 33 
(swl); 2) activity of the well; in other words, has it been allowed to reach a state equilibrium with the 34 
surrounding formation; and 3) construction of the well. Deep, confined sand and gravel aquifers with high 35 
hydrostatic head are excellent candidates for logging with temperature since much of the groundwater will 36 
rise above the top aquifer into the casing and thru overlying strata, including aquitards and potentially other 37 
overlying aquifers.  38 
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 1 
The fluid temperature and resistivity logs recorded for this project were recorded going down the borehole 2 
using the 2WQA-1000 model probe manufactured by Mount Sopris Instrument Company, Incorporated. 3 
Fluid temperature and resistivity are recorded downhole (as opposed to the standard practice of logging up 4 
the borehole) and prior to any other logging method in order to measure an undisturbed water column that 5 
represents the ambient conditions in the borehole. The fluid in borehole is allowed to stabilize and develop 6 
a static equilibrium before logging. The 2WQA-1000 probe is constructed so that fluid can flow easily 7 
along and around the resistivity and temperature sensors positioned at the bottom, or tip of the probe. The 8 
resistivity ring electrodes are configured using a seven electrode mirrored Wenner array for measuring 9 
borehole fluid resistivity. (Mount Sopris Instruments, Inc. 2002d). The fluid temperature is recorded in 10 
degrees Celsius (°C), fluid resistivity in ohm-m, and inverse conductivity in microsiemens per centimeter 11 
(uS/cm). 12 
 13 
In smaller diameter holes, the properties of materials adjacent to the borehole may slightly influence the 14 
fluid resistivity measurements. For example, when logging through bedrock across a shale–dolomite 15 
contact the log may reflect a change in resistivity that is independent of the fluid resistivity. When conducted 16 
in combination with other downhole geophysical methods, fluid temperature and resistivity logging can 17 
provide significant information on water quality and the hydrogeology. The fluid property logs (i.e., 18 
temperature and temperature gradient) can be used to estimate relative groundwater flow velocities (Taylor 19 
et al 1999). 20 
 21 
For this project, fluid temperature and resistivity measurements were recorded in 4 boreholes several years 22 
after groundwater monitoring wells were installed. The probe was lowered into boreholes cased with 2-23 
inch PVC and open to the surrounding materials through a 5- to10-foot long screen installed at the bottom. 24 
The data was collected downward prior to logging the boreholes with other probes. 25 
 26 
Results 27 
The fluid temperature in the four boreholes measured parallel the geothermal gradient (fig. SPR+SP). 28 
Temperatures ranged from 10–15 °C (e.g. borehole CHAM-03-02), and the fluid conductivity often 29 
increased over the screened interval. The increase could be coincidental in the sense that any sediment 30 
remaining in the borehole will have settled to the bottom of the well causing an increase in TDS and 31 
therefore conductivity. 32 
 33 
 34 
SINGLE-POINT RESISTANCE (SPR) 35 
Methods 36 
Single-point resistance is one of the mostly widely used methods within open, mud-filled boreholes for 37 
non-petroleum applications. The single-point resistance data can be collected relatively quickly and is one 38 
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of the least expensive tools to run, process, and interpret geophysical data. SPR logs cannot be used for 1 
quantitative interpretation, but are suitable for delineating changes in lithology and contacts between 2 
adjacent beds (Keys 1997), clay content, porosity, and total dissolved solids in pore water (Johnson et al 3 
2005). Sand, gravel, and boulders are uniquely defined by their high resistivity deflections on single-point 4 
resistance logs (Dyck et al. 1972). A higher SPR log response corresponds to materials having a coarser 5 
texture, lower water content, strong granular structure, and/or buried soil horizons (Mason 2001). 6 
 7 
The single-point resistance probe measures electrical resistance in ohms between 2 electrodes, one within 8 
the borehole and one at the ground surface (commonly referred to as mudpit electrode). The surface 9 
electrode remains constant while the other probe is lowered down the borehole. SPR data is commonly 10 
collected with natural gamma radiation and plotted on the same log. For this project, SPR data was collected 11 
using both Mount Sopris’ 2PGA-1000 gamma and 2PEA-1000 PolyElectric probes (Mount Sopris 12 
Instruments, Inc. 2002a, b) in 8 boreholes (table 9). 13 
 14 
The SPR log response usually varies inversely with gamma radiation; increased gamma radiation typically 15 
reflects a decrease in resistance and vice versa (Guyod 1944). Therefore, an increase in clay or shale content 16 
usually reflects a decrease in resistance. Single-point resistance logging can be a more reliable method for 17 
resolving the lithology of thin beds and for detecting fractures or porous, vuggy zones with high shale or 18 
clay content. This method is especially useful for logging geotechnical or exploratory boreholes in bedrock 19 
that are often narrower and the diameter varies less. 20 
 21 
The SPR logging method has several advantages. The response always increases to the right even in thin 22 
beds and tends to be logarithmic, which aids in keeping highly resistive beds on scale. Single-point 23 
resistance and spontaneous potential data can be collected simultaneously with logging systems with single-24 
conductor cables. Geophysical logging systems with single-conductor cables are most often employed by 25 
water-well logging contractors. Limitations of this method are: 1) the data does not provide quantitative 26 
measurement of resistivity; 2) the quality of data collected is considerably affected by changes in borehole 27 
diameter, particularly if the borehole fluid has a low resistivity relative to the surrounding geologic 28 
materials; and 3) the method has a limited radius of investigation, typically 5–10 times the electrode 29 
diameter or 7.5–20 inches (Keys 1997). In groundwater studies, these errors can be minimized by carefully 30 
recording information about the drilling method and operation (Dyck et al. 1972). 31 
 32 
Results 33 
The single point resistance logging was successfully in identifying changes in lithologies and clay content. 34 
The response of SPR generally varies inversely with changes in natural gamma radiation. In the HAYES 35 
borehole, the response of SPR is affected by changes in clay content (e.g., till to silt, fine sand, and clay at 36 
180 feet), and possibly by the saturation of sand, marked by the positive deflection at 160 feet (fig. 37 
SPR+SP). From approximately 150–155 feet depth and just above the sand, the log presents a back and 38 
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forth deflection that might indicate the presence of a paleosol or weathered horizon. Note, the minimal 1 
response in the gamma log in this interval, suggesting that the SPR peaks are unlikely related to the clay 2 
content, and more of a response to mineralization, presence of drift gas and organic material, or a 3 
combination of both.  4 
 5 
Similar trends were encountered in the SPR data from borehole CHAM-07-03A. Lower natural gamma 6 
counts corresponding with sand and silt beds interstratified with diamicton of geologic mapping unit 7ILe 7 
are defined by high reflections of resistance, but may also be produced by pebbly zones in the diamicton 8 
(fig. SPR+SP). Increases in resistance are also present in deposits of sand and gravel correlated to geologic 9 
mapping unit 4PIL2. Lower SPR measurements were recorded in the upper shale bedrock that is correlated 10 
to weathered material (soft clay) that overlies more competent materials (fig. SPR+SP).         11 
 12 
 13 
SPONTANEOUS POTENTIAL (SP) 14 
Methods 15 
The spontaneous potential or self potential (SP) method measures the direct current (DC) voltage 16 
differences between the naturally occurring potential created by a moving electrode in fluids filling an 17 
uncased borehole and the potential of a fixed electrode at the ground surface (Doll 1948). The underlying 18 
basis for the spontaneous potential is the fundamental process of diffusion – the self-diffusion of the 19 
dissolved ions in the fluids in the borehole and the surrounding materials. The causes of electrical potential 20 
differences in boreholes include: 21 
 22 
a) Electrochemical effect – caused by a charge imbalance between the drilling mud and pore 23 
water in the surrounding geologic materials, two geologic materials of different lithology, 24 
and between the mud lining the borehole wall (mud-cake) and the borehole fluid or pore 25 
water (Guyod 1944). 26 
 27 
b) Electrokinetic effect or Streaming potential - caused by intrusion of the drilling fluid into 28 
materials surrounding borehole. This can be a significant when encountering permeable 29 
materials when the hydrostatic head difference between the fluid in the borehole and 30 
surrounding materials is large (Corwin and Hoover 1979), and 31 
 32 
c) Ionic charge accumulation or Redox potential - ionic charge accumulation between metallic 33 
mineral grains and the fluid adjacent to the grains (Rubin et al. 1999). 34 
 35 
Since the measurement of the change in potential can be caused by a number of different factors the 36 
interpretation of a SP log is very subjective and has no absolute scale – only relative changes in the SP log 37 
are important (Digby 1997). The SP method collects data that has a low vertical resolution.  38 
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 1 
Historically, SP logs have been used in conjunction with SPR method to assist in determining lithology, 2 
thickness and permeability of beds, and salinity of pore water. In general, the SP log is not widely used to 3 
delineate lithologic contacts as much as its counterpart, the SPR method, because acquisition of SP data is 4 
subject to outside influences and variables that affect its reliability, especially as a stand-alone 5 
measurement. In conjunction with fluid temperature and resistivity logging, the SP log may be useful to 6 
determine the borehole fluid conditions if they are not provided or known. The SP method can also be used 7 
in mineral recognition (but not always reliable), to correlate units between boreholes and track facies 8 
changes, and determine the relative clay or shale content (Repsold 1989). 9 
 10 
In groundwater studies, SP surveys have been undertaken to (1) make lithologic correlations; (2) detect  11 
permeable beds or potential water-yielding zones; (3) determine the depth and thickness of permeable layers 12 
and lithologic units; (4) empirically determine the resistivity of formation water and thus the water quality; 13 
(5) select intervals containing the freshest water; and (6) determine the sand count or the net thickness of 14 
sand or gravel in an aquifer (Bryan 1950; Jones and Skibitzke 1956; Guyod 1957; Patten and Bennett 1963; 15 
Guyod 1966; Alger 1966; Blankennagel 1968; Zoblin 1964). On SP logs, sand produces negative 16 
deflections while the presence of clay causes positive deflections (Dyck et al. 1972). 17 
 18 
The simplicity of the SP method, requiring only an electrode in the borehole and a reference electrode at 19 
the surface has made it extremely practical in the identification of permeable zones. The self potential is 20 
recorded as a voltage (millivolts) in the absence of any artificially applied current. For this project, SP logs 21 
were collected with SPR logs using the combination Mount Sopris’ 2PGA-1000 gamma and 2PEA-1000 22 
PolyElectric probes (Mount Sopris Instruments, Inc. 2002a, b) in 8 boreholes (table 9). 23 
 24 
Results 25 
The spontaneous potential logging differentiates geologic materials on the sand and clay contents. Materials 26 
containing higher sand content (reduction in clay) display slight negative deflections on the SP logs. SP 27 
measurements are relatively constant in geologic mapping unit 5WI (subunits 5WI2 and 5W13) and 7ILe, 28 
but more variable in geologic mapping unit 5IL (subunits 5IL and 2IL) and 5PIL (subunits 5PIL1, 5PIL2, 29 
5PIL3, 2PIL1 and 2PIL2) (fig. SPR+SP). In borehole CHAM-07-03A, the shale bedrock is defined by a 30 
sharp deflection to the right. 31 
 32 
 33 
NEUTRON 34 
Methods 35 
The neutron log is potentially one of the most useful logs in hydrogeologic investigations because most of 36 
the response from the probe is due to hydrogen concentration in and around the borehole. Neutron data can 37 
be collected in cased or open holes of a wide size range, above or below the water table. Data collected 38 
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from neutron logging is used to determine the lithology, porosity, specific yield, moisture content, the 1 
movement of moisture fronts, and in-hole neutron activation properties (Keys and Boulogne 1969). 2 
 3 
The probe used by the ISGS contains a 3.0-curie Americium-241/Beryllium (Am/Be) source that has a flux 4 
of 6.67 x 106 neutrons per second. This probe has a neutron source and a single detector that is sensitive to 5 
high energy capture gamma rays and thermal neutrons and is non-directional. The Am/Be source is screwed 6 
onto the bottom of the probe. Approximately 1.2 feet above the source is the Helium-3 tube used to detect 7 
the influx of epithermal neutrons (ranging from 0.1–100 electron volts) originating as fast neutrons (more 8 
than 100,000 electron volts) from the Am/Be source. As with other downhole methods, the vertical 9 
resolution is proportional to the spacing between the source and the detector. Initially, neutrons are emitted 10 
in the form of fast neutrons from the source, and depending on the formation and the fluid contained within 11 
the fast neutrons may slow down and eventually become captured by hydrogen atoms (Weidner and Sells 12 
1960). Hydrogen is the most effective element in slowing down and capturing neutrons because its nucleus 13 
has nearly the same atomic mass as a neutron. Because the amount of energy from the neutrons is inversely 14 
proportional to the amount of hydrogen present, and hydrogen atoms are contained in water, the amount of 15 
energy from the neutrons is inversely proportional to the water (moisture) content. Therefore, neutron logs 16 
can be used to determine the relative porosity in geologic materials; as moisture content increases neutron 17 
activity decreases, and vice versa.  18 
 19 
Additional errors in estimating porosity have been encountered when logging clay-rich materials having a 20 
significant amount of bound water molecules on their surfaces (known as the shale effect) resulting in an 21 
overestimation of porosity (Ellis 1986) and where hydrocarbon gas is encountered in pore spaces (known 22 
as the hydrocarbon effect) that produces an underestimation of porosity (Ellis and Singer 2007). Note, both 23 
coal and gypsum cause large deflections to the left on logs, which indicates a substantial porosity even 24 
though both minerals have relatively small pore spaces (Keys 1990). Coal is a hydrocarbon containing 25 
abundant hydrogen that is not in the form of water, and gypsum contains water in the crystal structure. The 26 
neutron method is also useful for detecting clay- or organic-rich sediment (paleosols) that contain hydrogen 27 
that is not in the form of water but in “drift” or  methane gas (Herron 1991). 28 
 29 
In groundwater investigations, the neutron logging can provide an indication of moisture content within 30 
sediments surrounding the borehole. Moisture content has an inverse relationship to neutron count. Also, 31 
logging unsaturated sand and silts return an anomalously high neutron response since the pore space is 32 
filled with air instead of water (Gerrie et al. 2003). When collected with natural gamma, acoustic velocity, 33 
density, and conductivity neutron data, neutron logs can be used to identify lithologic and textural changes 34 
with units, perched water tables, specific yield in unconfined aquifers, and estimations of apparent porosity 35 
(Gerrie et al. 2003; Dyck et al, 1972; Meyer 1962). Neutron data can also be used to determine the depth at 36 
which porosity may have increased following the development of a well or decreased from plugging during 37 
artificial recharge (Keys 1990). 38 
 39 
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Results 1 
Although only conducted in one borehole, neutron logging was successful in characterizing the subsurface 2 
materials. In borehole CHAM-09-01, the neutron measurements were higher in diamictons that were sandy 3 
and pebbly (subunits 5IL and 5PIL1) and in siltstone and shale bedrock containing “rhizoliths” or fossil 4 
root traces filled with calcite cement (fig. SPR+SP). High neutron counts were also measured in diamicton 5 
at the top of geologic mapping unit 7ILe that has a paleosol (Sangamon Geosol) developed. It is possible 6 
the diamicton contains methane gas in this interval. The lowest neutron counts were measured in silt and 7 
sand near the ground surface, cobbly diamicton and silt between subunits 5IL and 5PIL1, highly compacted 8 
and dewatered glaciolacustrine sediments between 257.5 and 270 feet, pebbly diamicton on the bedrock 9 
surface, coal from 318.6–321.3 feet, and organic-rich black shale between 364.5 and 371 feet (fig. 10 
SPR+SP). 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
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Chapter 10 1 
Laboratory Analyses 2 
Andrew J. Stumpf 3 
 4 
Selected samples were also submitted for multiple isotopic analyses used in dating methods. One sample 5 
from each of 2 cores were submitted for radiocarbon dating; five samples from 2 cores for optical stimulated 6 
luminescence (OSL) analysis; and three samples from 1 core for measurement of terrestrial in-situ 7 
cosmogenic nuclides (TCN). Also, mussel shells collected from four cores within sand and gravel overlying 8 
bedrock were submitted for isotopic and amino acid analyses. Two shells from core PIAT-07-02A were 9 
submitted for electron spin resonance (ESR) dating, and one shell from each of 4 cores were analyzed to 10 
determine the ratio of protein amino acids (referred to as amino acid racemization or AAR); a technique 11 
used in geochronology and paleoclimatology (table 2). Two shells were also sent for AAR technique from 12 
borehole Decatur 36-3. Shells from this borehole were analyzed by AAR previously (Miller et al. 1992), 13 
and reanalysis was done as control for racemization in the newly analyzed shells. 14 
 15 
New information regarding the bedrock geology of east-central Illinois was obtained from cores collected 16 
during drilling for further study of the Mahomet aquifer in Champaign County and the adjacent area. 17 
Seventeen holes were drilled from which cores of bedrock were recovered (table X). The depth of bedrock 18 
penetration varied from 1 foot to 74.6 feet. In five boreholes, cores of bedrock of more than 30-feet long 19 
were recovered. 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
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Chapter 11 1 
3-D Geologic Model 2 
Andrew J. Stumpf, Lisa A. Atkinson, William S. Dey, and Martin Ross 3 
 4 
A geologic model was constructed for the project area to enable the visualization of stratigraphic units in 5 
three-dimensions. The model was assembled from grids of the upper surface of geologic mapping units 6 
assigned for the project. The modeling process defines the elevation of the top of each mapping unit at each 7 
of the grid nodes. The model was constructed using grids with a node spacing of 660 feet. Although, the 8 
grids provided to the ISWS for input into the groundwater flow model had node spacings of 1320 feet or 9 
1/8 mile. Point data with variable spacing (a few hundred feet to several miles apart) were used in the 10 
interpolation process to create the surface grids. Construction of the geologic model utilized both ArcGIS 11 
software (version 9.3.1) from Environmental Systems Research Institute, Incorporated (ESRI) and gOcad 12 
software (release 2009.2) from Paradigm Geophysical, Limited. 13 
  14 
CONSTRUCTION OF MAP UNIT SURFACES 15 
Except for geologic mapping unit representing preglacial sediment and bedrock, all other data sets for 16 
mapping units were interpolated using the ‘Topo To Raster’ ArcGIS function in the 3D Analyst extension 17 
to create raster surface elevation grids that were imported directly into gOcad software for visualization in 18 
three dimensions and editing of grid cell values. For these mapping units, the default parameters of the 19 
function were used in the interpolation of elevation grids from the data points. The grids created in ArcMap 20 
were exported into gOcad as continuous surfaces across the project area. However, in reality, many of the 21 
mapping units are discontinuous in extent, as erosion by water and ice has completely removed deposits in 22 
some areas.  23 
 24 
Based on the land-surface elevations, the elevations (above mean sea level) were computed for the top of 25 
each mapping unit. The resultant dataset was queried to create separate shapefiles for each mapping unit. 26 
 27 
For modeling the bedrock surface, polylines tracing the deepest drainage channels along the Mahomet 28 
Bedrock Valley and tributary valleys were also used to interpolate the elevation grids. In this case, the 29 
drainage enforcement algorithm was used to guide the gridding process and honor the inferred drainage 30 
patterns in bedrock valleys. The function is optimized to have the computational efficiency of local 31 
interpolation methods such as inverse distance weighted interpolation, without losing the surface continuity 32 
of global interpolation methods, such as the kriging and spline methods (ESRI 2009, based on Hutchinson 33 
1989). 34 
 35 
Once the elevation grid for the bedrock surface was generated, contour polylines were created from the data 36 
using the Contour tool in 3D Analyst. The shapefile containing contour vector lines was then imported into 37 
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Adobe Illustrator CS4 software using Avenza’s MapPublisher plug-in for further modification of the 1 
surface elevations. Editing the georeferenced data in Adobe Illustrator utilized advanced drawing, editing, 2 
and smoothing tools not available in ArcMap (version 9.3.1). The contour polylines derived from the 3 
elevation grid were modified to correct errors introduced in the initial interpolation and create a more 4 
accurate representation of the unit surface, shaped by the pattern of drainage that is controlled by bedrock 5 
lithology and location of regional geologic structures. For example, Silurian- and Devonian-age dolomite 6 
and limestone form steeply-sided knobs along the La Salle Anticlinorium adjacent to several drainageways 7 
(fig. 10). These lithologies have been found to resist glacial erosion and because of high infiltration capacity 8 
lack definable surface drainage patterns (Drury 1987). Once editing of the contour lines was complete, the 9 
data were exported from Adobe Illustrator as a shapefile, imported into ArcMap, and regrided using the 10 
‘Topo To Raster’ function in ArcGIS with the contour lines as the primary control for the interpolation. 11 
The new grid was imported into gOcad, and formed the bottommost layer upon which the geologic model 12 
was assembled. 13 
 14 
In gOcad, the remaining grids were analyzed to ensure elevations in the grid matched the elevations of the 15 
corresponding mapping unit at control points. The control points used were boreholes with the most detailed 16 
information; boreholes having continuous core, drilling samples, and downhole geophysical logs. The 17 
elevation grids were fitted to the control points using the Discrete Smooth Interpolation (DSI) method in 18 
the gOcad software (Mallet 1992; 2002). This interpolation method was specially designed for modeling 19 
natural objects, while taking into account a wide range of complex data varying in precision and accuracy. 20 
The method can be applied to creating surfaces honoring the control points and to some degree other less 21 
reliable data as well. The model was built from the bottom upwards with any overlap of the elevation grids 22 
edited, manually, to maintain the stratigraphic sequence. Where a unit is absent, the top surface of the 23 
missing unit and the underlying unit has the same elevation value. The elevation grid of the land surface 24 
was constructed from the data points and grid of the USGS the 30 m DEM. The DEM was fitted to the 25 
elevation at each borehole site. The DEM was edited primarily in Champaign County where more accurate 26 
land surface elevation data is available, and also at borehole sites where land surface elevations were 27 
measured by differential leveling or using global positioning systems (GPS). 28 
 29 
The elevation grids were used to develop contour maps of unit thicknesses or isopach maps. In gOcad, the 30 
elevation grids of adjacent units were subtracted to create grids of unit thickness. 31 
 32 
 33 
MAP UNIT SURFACES AND ISOPACH MAPS 34 
The methods previously described were used to produce the surfaces of the geologic mapping units 35 
developed from the conceptual model, where the units have lateral and vertical mapped dimensions. For 36 
example, figure 5WI_E depicts the elevation of the upper surface of deposits comprising the 37 
lithostratigraphic units of the Wisconsin Episode. Figure 5WI_T is the isopach map of the same unit 38 
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showing the distribution of data points used in the interpolation of the elevation grid. In this section, isopach 1 
maps are shown for each of the mapping units calculated from adjoining elevation grids. Isopach maps of 2 
the geologic mapping units modeled are presented to communicate the distribution, thickness, and 3 
interrelationships of these units.  4 
 5 
Geologic Mapping Unit 5WI 6 
The unit includes the majority of materials deposited during the Wisconsin Episode. These materials 7 
compose the landforms found at the land surface and deposits in the subsurface. Figure 5WI_E depicts the 8 
elevation of the ground surface (or top surface of unit 5WI), which generally increases from south to north 9 
with the highest elevations on the moraines (fig. 7). The unit ranges in thickness from 16–230 feet, with the 10 
thickest deposits in the moraines (fig. 5WI_T). Add something here about map of surficial sand. 11 
 12 
Geologic Mapping Unit 8WI 13 
Unit 8WI consists of sand and gravel of the Ashmore Tongue of the Henry Formation that were laid down 14 
in front glaciers that deposited the diamicton of the Tiskilwa Formation. The thickest deposits are found 15 
both where the surface elevation of the unit is highest and in areas of where the elevation is much lower 16 
(figs. 8WI_E and 8WI_T). This relationship indicates the sand and gravel compose both positive features 17 
on a paleolandscape (i.e., outwash plains, terraces, and fans) and infill channels that were cut by water into 18 
the underlying materials. 19 
 20 
 21 
Geologic Mapping Unit 6IL1 22 
Figure 7ILe_E depicts the elevation of the upper surface of unit 7ILe outside the area where unit 7ILch was 23 
mapped. Although it is thought that unit 7ILe overlies unit 7ILch, the contact between units over the project 24 
area could not be delineated from the geological information available. The highest elevations of unit 7ILe 25 
are found over the southern half of the project area (fig. 7ILe_E). The upper surface of the unit has an 26 
undulating expression. The unit thickness varies across the project area (fig. 7ILe_T). In some areas 27 
materials comprising unit 7ILe appear to drape the topography of the underlying unit (e.g., area of thinner 28 
sediment southeast of Rantoul). 29 
 30 
Geologic Mapping Unit 6IL2 31 
Similar to unit 7ILe, the upper surface of unit 7ILch has a undulating to hummocky expression (fig. 32 
7ILch_E). The highest elevations are present along the western and northern part of the area underlain by 33 
unit 7ILch. The thickest part of the unit, ranging from 176–279 feet, is present across the center of the area 34 
where unit 7ILch was mapped and may have been the focus of erosion by water or ice (fig. 7ILch_T).    35 
 36 
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Geologic Mapping Unit 5IL 1 
Diamicton of the Vandalia Member of the Glasford Formation (subunit 5IL) and associated glaciolacustrine 2 
sediments of the Teneriffe Silt (subunit 2IL) comprise unit 5IL. The thickest sediments are present over 3 
areas where the elevation of the upper surface is highest (figs. 5IL_E and 5IL_T) in three zones trending 4 
north to south separated by areas of lower elevation and thinner sediment. These relationships are also 5 
found for the upper surface of unit 5WI. Unit 5WI is thickest in moraines trending from northwest to 6 
southeast, and the moraines are separated by lower elevation areas where the unit is thinner (figs. 5WI_E 7 
and 5WI_T). Unit 5IL is thin or missing in the area underlain by unit 7ILch (fig. 5IL_T). 8 
 9 
Geologic Mapping Unit 8IL1 10 
Deposits of sand and gravel classified to a tongue of the Pearl Formation lying at elevations between 11 
approximately 470 and 560 feet msl. comprise unit 8IL1 (fig. 8IL1_E). Much of the sand and gravel lies 12 
within the Mahomet Bedrock Valley and forms the uppermost deposits that infill the valley. These deposits 13 
were formed during a second fluvial event that occurred prior to glacial lobes that advanced into the project 14 
area during the Illinois Episode. The event is thought to have been associated with the draining of glacial 15 
lakes in west-central Indiana (see Geological Framework) that incised into older valley-fill deposits along 16 
the Mahomet Bedrock Valley. In some places, this meltwater eroded deposits of an earlier fluvial event that 17 
occurred during the Illinois Episode (plate 1). The thickest sand and gravel were encountered along the 18 
northern part of the Mahomet Bedrock Valley between Mahomet and Monticello, and to the northeast of 19 
Rantoul (fig. 8IL1_T).    20 
 21 
Geologic Mapping Unit 8IL2 22 
Sand and gravel deposited during the earliest part of the Illinois Episode, prior to ice advance into the 23 
project area, comprise unit 8IL2. These deposits are found both outside the Mahomet Bedrock Valley and 24 
over the valley northeast of Cities of Champaign and Urbana (fig. 8IL2_E). In northeastern Champaign and 25 
southeastern Ford Counties unit 8IL2 is commonly encountered over the bedrock valley lying at elevations 26 
higher than the top of sand and gravel classified to unit 8IL1. It is thought that these deposits are erosional 27 
remnants of proglacial outwash from Illinois Episode glaciers that in places were later incised by meltwater 28 
that deposited unit 8IL1. The thickest deposits are encountered over the Mahomet Bedrock Valley northeast 29 
of Rantoul (fig. 8IL2_T).   30 
 31 
Geologic Mapping Unit 5PIL 32 
Diamicton (till) and associated proglacial silt and clay deposited during three glaciations during the latter 33 
part of the pre-Illinois Episode comprise unit 5PIL. These sediments were deposited in front of and under 34 
glaciers that advanced in the project area from the northeast and east. Most often, the diamictons and 35 
associated glaciolacustrine sediments are encountered outside the Mahomet Bedrock Valley on the uplands 36 
and in tributary valleys (fig. 5PIL_E). The most complete record of sedimentation during this part of the 37 
pre-Illinois Episode was encountered in the Pesotum Bedrock Valley and a smaller (unnamed) bedrock 38 
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valley present underneath the Champaign and Urbana. The sediments that comprise Unit 5PIL were also 1 
encountered locally in the Mahomet Bedrock Valley as outliers, not eroded during later erosional events. 2 
Unit 5PIL was mapped at the highest elevations on bedrock uplands near the City of Gibson City and on 3 
top of outliers of sediment deposited during the pre-Illinois Episode mapped near the Town of Paxton (fig. 4 
5PIL_E). The thickest sediments are coincidental with the highest surface elevations near Gibson City and 5 
Paxton, and locally over the Mahomet Bedrock Valley east and northeast of Rantoul (fig. 5PIL_T). 6 
 7 
Geologic Mapping Unit 8PIL 8 
Unit 8PIL is comprised of predominantly of sand and gravel classified to the Mahomet Sand Member of 9 
the Banner Formation (subunits 8PIL1 and 8PIL2), but locally interglacial silt and fine-grained sand at the 10 
top of the unit (subunit 4PIL1) and diamicton deposited during an earlier advance of glacial lobes into the 11 
project area (subunit 5PIL4). Sand and gravel of the Mahomet Sand Member was encountered exclusively 12 
within the Mahomet Bedrock Valley across the entire project area at elevations between approximately 13 
406–578 feet (fig. 8PIL_E). In cross sections only, the subdivision of the Mahomet Sand Member into 14 
subunits 8PIL1 and 8PIL2 (plate 1) is based on a change in the log of natural gamma radiation (e.g., 15 
boreholes CHAM-03-02 and MW5; figs. SPR+SP and SV1, respectively) and the presence of a diamicton 16 
between the deposits of sand and gravel in the central part of the project area (e.g., borehole CHAM-09-17 
03A in fig. 14 and table SV1). This diamicton, classified to the West Lebanon Member of the Banner 18 
Formation (fig. GF) was deposited during one of the earliest advances of glaciers into Illinois. The elevation 19 
of the contact between subunits 8PIL1 and 8PIL2 ranges from 408 feet msl. in Ford and Vermillion Counties 20 
to 390 feet msl. in Piatt County at Monticello. The thickest sand and gravel (up to 183 feet) was encountered 21 
along the deepest channel in the bedrock valley that runs approximately from Paxton southwestward 22 
through Mahomet and Monticello (fig. 8PIL_T). Locally, overlying subunit 8PIL1 are deposits of 23 
interglacial sediments classified to unnamed unit 3 of the Banner Formation that accumulated in valleys 24 
and depressions on landscape.  25 
 26 
Geologic Mapping Unit 11 27 
The upper surface of unit 11 depicts the topography of the bedrock surface or upper surface of preglacial 28 
sediment overlying the bedrock (fig. 4PIL2+11_E). The location of bedrock valleys is also delineated. The 29 
surface topography was significantly influenced by the lithology and structure of the bedrock. Folded 30 
Silurian- and Devonian-age dolomite and limestone units along the La Salle Anticlinorium form resistant 31 
knobs on the bedrock surface southwest of Fisher and south of Tolono (figs. 4PIL2+11_E and 10). These 32 
bedrock features to some extent control the orientation of bedrock valleys. The presence of resistant bedrock 33 
lithologies on the north side of the Mahomet Bedrock Valley between Paxton and Mahomet (fig. 10) could 34 
also have controlled the location of downcutting by preglacial rivers. Locally, preglacial sediments 35 
classified to subunit 4PIL2 were encountered in deposits on the bedrock surface. These deposits are up to 36 
30 feet thick and contain diamicton, sand, and silt.  These materials compose alluvial and colluvial deposits 37 
that formed in preglacial valleys, at the base of steep slopes, and in depressions on bedrock uplands. 38 
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Chapter 12 1 
Geologic Cross Sections 2 
Andrew J. Stumpf and Lisa A. Atkinson 3 
 4 
Geologic cross sections are two-dimensional representations of the geologic material present in a vertical 5 
plane passing through a portion of the Earth’s surface. The cross sections provide a visual representation of 6 
the geology showing the distribution and thickness of the mapping units present and how they relate to one 7 
another. The cross sections are usually drawn along a straight line in the geographic area of interest or on a 8 
line drawn through a series of points across that area. Traditionally, the points are boreholes or outcrops 9 
where the geologist is highly confident of their geologic interpretation. 10 
 11 
The cross sections accompanying this report (plate 1) were created using a combination of automated 12 
techniques in ArcMap and manual drafting in Adobe Illustrator CS4. A custom ArcMap tool (add Jennifer’s 13 
reference) was used to generate georeferenced profiles for each geologic raster surface along an input line 14 
of section. The profile lines were imported to Adobe Illustrator via MapPublisher for editing, and exported 15 
back out as shapefiles for further manipulation in ArcGIS. Converting the cross sections back into 16 
shapefiles allows the construction of 3-D fence polygons that can be viewed with the geologic model in 17 
ArcScene. 18 
 19 
The locations of the cross sections were selected to highlight the geologic diversity across several parts of 20 
the Mahomet Bedrock Valley. Each cross section depicts a much different geology that result from a 21 
complex history of erosion and deposition. The chronology and location of events has significantly 22 
influenced the preservation or removal of older sediment. The geometry and extent of deposits 23 
differentiated in geologic mapping units 7ILe and 7ILch are preliminary. Additional geological and 24 
geophysical information is required to map their distributions beyond the lines of cross section.  25 
 26 
The cross sections are shown at a scale of 1:48:000. A map showing where the cross sections pass through 27 
the project area is shown in Plate 1. The accompanying legend offers an explanation of the geologic 28 
mapping units depicted in the cross sections. 29 
 30 
 31 
 32 
 33 
 34 
 35 
IAW Report 2007-02899  2012-02-20 
 
 
105 
 
Chapter 13 1 
Quaternary Aquifers 2 
William S. Dey 3 
 4 
 5 
WISCONSIN EPISODE 6 
Mapping unit 8WI (Ashmore Tongue of the Henry Formation) underlies the Tiskilwa Formation and or the 7 
fine-textured units of the Wedron Formation (Figure 8WI_T). The unit lies between 15 and 220 feet below 8 
the land surface, and is up to 83 feet thick. Mapping unit 8WI is discontinuous across the project area, 9 
though most common in northeastern Champaign County and southeastern Ford County Where present, it 10 
is suitable for providing water to domestic and farm wells. Yield from this unit will vary with saturated 11 
thickness.  12 
 13 
ILLINOIS EPISODE 14 
Mapping unit 7ILe (Figure 7ILe_T) contains the deposits previously correlated to the upper Glasford 15 
aquifer. Although these deposits of sand and gravel are identified in core logs, they were not delineated as 16 
separate units in the geologic model. Future work should be undertaken to characterize the course and fine 17 
facies of unit 7ILe. Where coarse-textured materials are present, the deposit should be suitable for providing 18 
water to domestic and farm wells. Yield from this unit will vary with saturated thickness. 19 
 20 
Mapping unit 7ILch (Figure 7ILch_T) may contain the deposits previously correlated to the upper Glasford 21 
aquifer, which is composed of stratified fine- and coarse-textured materials that may behave as an aquifer 22 
in places. Future study should be undertaken to define the nature and hydrogeologic properties of this unit. 23 
Where present coarse-textured material predominates, this unit may be suitable for providing groundwater 24 
to domestic and farm wells. Yield from this unit will vary with saturated thickness of the coarse-textured 25 
fraction. 26 
 27 
Mapping unit 8IL1 (Figure 8IL1_T) is correlated to the Pearl Formation, and contains the deposits 28 
previously mapped to the lower Glasford aquifer or possibly the upper Banner aquifer. This unit is nearly 29 
continuous within the Mahomet Bedrock Valley and is up to 120 feet thick.  30 
 31 
Mapping unit 8IL2 (Figure 8IL2_T) is correlated to the Pearl Formation, and contains the deposits of sand 32 
and gravel previously mapped to the lower Glasford aquifer or upper Banner aquifer. These deposits are 33 
less continuous than unit 8IL1 and present as lobate- or linear-shaped deposits present at elevations well 34 
above the rim of the Mahomet Bedrock Valley. In places the sand and gravel have been incised by later 35 
geologic events, especially where they were deposited over the Mahomet Bedrock Valley. 36 
 37 
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Where units 8IL1 and 8IL2 are present, they may suitable for providing water to domestic and farm wells. 1 
Thicker portions of both aquifers may provide sufficient water for commercial operations, small 2 
municipalities, or to supplement the water supply of a larger municipality. Kempton et. al (1991) reported 3 
results from of aquifer tests showing transmissivities up to 233,000gpd/ft, although frequently values were 4 
much lower. They (Kempton et. al 1991) reported hydraulic conductivities from the lower Glasford aquifer 5 
in east central Illinois that were up to 4660 gpd/ft2 and a median of 885 gpd/ft2, storage coefficients ranging 6 
from 1x10-5 to 8x10-2, and specific capacities ranging from 0.4 to 110 gpm/ft. 7 
 8 
In southwestern McLean County and southeastern Tazewell County, Herzog et. al (1995) reported results 9 
from aquifer tests showing transmissivities up to 121,900 gpd/ft with a geometric mean of 18,800 gpd/ft. 10 
They (Herzog et. al 1995) reported hydraulic conductivities up to 9,500 gpd/ft2 with a geometric mean of 11 
1670 gpd/ft2. Storage coefficients ranged from 2x10-5 to 8x10-2 were reported, along with specific capacities 12 
ranging from 2.0 to 71.4 gpm/ft 13 
 14 
 15 
PRE-ILLINOIS EPISODE 16 
Mapping unit 8PIL (Figure 8PIL_T) is correlated to the Mahomet Sand Member of the Banner Formation, 17 
and contains the deposits previously mapped to the upper Banner aquifer and/or lower Banner aquifer or 18 
the Mahomet aquifer. While not present everywhere in the project area, it does form a continuous deposit 19 
within the Mahomet Bedrock Valley, and is up to 180 feet thick. Kempton et. al (1991) reported results 20 
from testing of the Mahomet aquifer showing transmissivities up to 550,000 gpd/ft, hydraulic conductivities 21 
up to 4,780 gpd/ft2, storage coefficients ranging from 2x10-5 to 2x10-3, and specific capacities up to 207 22 
gpm/ft. 23 
 24 
In southwestern McLean County and southeastern Tazewell County, Herzog et. al. (1995) reported results 25 
from testing of the Mahomet-Sankoty aquifer showing transmissivities up to 516,600 gpd/ft with a 26 
geometric mean of 136,500 gpd/ft. They (Herzog et. al 1995) reported hydraulic conductivities up to 4,135 27 
gpd/ft2 with a geometric mean of 2,320 gpd/ft2. 28 
Storage coefficients reported ranged from 1x10-4 to 9x10-2, with specific capacities ranging from 3.1 to153.4 29 
gpm/ft. 30 
 31 
In this project, the aquifer is comprised of sediments are now assigned to the Mahomet Sand Member of 32 
the Banner Formation (subunits 8PIL1 and 8PIL2, figs. 2-3 and 2-4) and Pearl Formation (subunits 8IL1 33 
and 8PIL2, figs. 2-3 and 2-4). 34 
 35 
Previously, the sediments of the Pearl Formation here assigned Mahomet aquifer were assigned to the upper 36 
Banner and lower Glasford aquifers (Larson et al. 2003; Roadcap et al. 2011), and in places were mapped 37 
as a single aquifer unit (Wilson et al. 1998).  38 
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 1 
Overlying the sediments assigned to the Banner Formation and deposits of sand and gravel assigned to the 2 
Pearl Formation are multiple deposits of sand and gravel that form discontinuous layers. In general, two 3 
widespread deposits of sand and gravel have been identified and assigned to the lower and upper Glasford 4 
aquifers (Soller et. al 1999). In this project, the lower Glasford aquifer is comprised of deposits of sand and 5 
gravel within or directly over the Vandalia Member till. This definition for the lower Glasford aquifer 6 
differs from Kempton et al. (1991),  Larson et al. (2003), and Roadcap et al. (2011), which also assigned 7 
the unnamed tongues of the Pearl Formation to this aquifer. The upper Glasford aquifer is comprised of 8 
deposits of sand and gravel assigned to Unnamed units of the Glasford Formation (subunit 6IL1 and 6IL2; 9 
figs. 2-3 and 2-4). Previously, the aquifer was mapped to include layers of sand and gravel within or above 10 
the Radnor Member till (Kempton et al. 1991; Larson et al. 2003). 11 
 12 
 13 
CONNECTIVITY 14 
Units containing fine-textured materials behave as aquitards restricting the vertical movement of water 15 
which may recharge aquifers. No naturally occurring connection between the land surface and underlying 16 
coarse-textured units in the geologic model were mapped. For example, unit 5WI lies across the entire 17 
project area (at least 16 feet thick) and covers sand and gravel of units 8WI and 7ILe. Throughout the 18 
project area, units 8WI and 8IL1 as well as units 8WI and 8IL2 are separated by fine-textured materials 19 
correlated to units 7ILch, 7ILe or 5IL. No direct connection was mapped between units 8WI and 8IL1 or 20 
between units 8WI and 8IL2, although there are areas identified where unit 7ILe is predominantly 21 
composed of coarse-textured materials. Similarly, there are areas where these units are mapped and 22 
separated only by unit 7ILch. The hydraulic properties of unit 7ILch are poorly understood at this time. It 23 
is unknown how resistance unit 7ILch may provide to the vertical movement of groundwater. 24 
 25 
Throughout the project area, units 8IL1 and 8IL2 are found in direct hydraulic connection. In the geologic 26 
model, units 8IL1 and 8IL2 are separated from unit 8PIL by unit 5PIL. In the western and central portion 27 
of the project 0 area units 8IL1 and 8PIL are in direct contact over large areas (Cross sections A-A’, B-B’, 28 
C-C’ and D-D’ in plate 1). In the northeastern part of the project area, subunits 8IL1 and 8PIL are in direct 29 
contact with each other (Cross section E-E’ in plate 1). The combined thickness of mapping units of 8IL1, 30 
8IL2, 8PIL1, and 8PIL2 are shown in fig. 3-2. Although, these mapping units are not in contact with each 31 
other everywhere in the project area. 32 
 33 
MINING ACTIVITY 34 
Mining of sand and gravel in quarries located southwest of Mahomet in Champaign County has penetrated 35 
through Wisconsin Episode deposits into the underlying sand and gravel deposited during the Illinois 36 
Episode. The mining activity provides hydraulic connections between the land surface and unit 8IL1. 37 
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Quarries excavated into surficial glaciofluvial deposits in Ford County southeast of Paxton penetrate 1 
through unit 5WI and provide hydraulic connections between the land surface and unit 8WI. 2 
 3 
IRRIGATION WELLS  4 
Forty-seven irrigation wells were identified in the project area. These wells have a casing diameter of 10-5 
16 inches, which are installed in boreholes 20-36 inches in diameter. All of these wells are screened in unit 6 
8PIL. Of the 47 wells, nine were recorded as being grouted to the bottom of the lowest fine-textured unit. 7 
In thirty two wells, it was reported that only the uppermost 20 or 40 feet of the borehole was grouted.  Five 8 
wells had no construction information (fig. 13-1). The wells which were not fully grouted have the potential 9 
to create hydraulic connections between sand and gravel units that otherwise are separated by fine-grained 10 
materials. Two wells constructed in eastern Ford County (fig. 13-1) could potentially provide a hydraulic 11 
connection between units 8WI, 8IL1 and 8PIL. Some of the wells to the west in the vicinity of Rantoul 12 
could provide a hydraulic connection between units 8IL1 and 8PIL, where elsewhere in the project area 13 
these units are separated by unit 5PIL. Other wells may provide hydraulic connections between smaller, 14 
unmapped aquifers. The significance of these connections is not known, but their potential impact on the 15 
aquifers should be considered. 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
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DERIVATIVE MAP PRODUCTS 12 
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Chapter 14 1 
Characterization and Map Uncertainty 2 
Donald A. Keefer 3 
 4 
INTRODUCTION 5 
The predictions made within geologic maps and models are results of complex interpretations made based 6 
on evaluation of many sources of information.  Individual geologic deposits can be homogenous to complex 7 
in their internal structure and overall distribution.  Even when individual deposits have predictable 8 
distributions, the more complete successions of geologic deposits often contain considerable heterogeneity 9 
even over short distances.   The complexity of the interpretation process, the consequences of 10 
generalizations in the predicted distributions of deposits, and the underlying complexity of the real geologic 11 
deposits all lead to discrepancies between the predictions in a map and the actual distribution of the deposits.  12 
To address these discrepancies, geologists often define map units broadly, accommodating the expected 13 
range in complexity within the deposits.  When sound geologic insight is used and map units are defined to 14 
accommodate the inherent complexity of the deposits, geologic maps can be reliable predictive tools.   15 
 16 
Increasing integration of geologic maps and models into planning decisions and into models of groundwater 17 
flow or earthquake shaking risk have resulted in an increase in requests for more descriptive evaluations of 18 
the accuracy of geologic maps.  These requests are typically looking for insight on where the accuracy of a 19 
geologic map or model is good versus where the uncertainty might be large enough to impact the accuracy 20 
of modeling results or planning decisions.  Providing such an evaluation of uncertainty is not trivial since 21 
variations of data quality and distribution and spatial variations in both the complexity of map unit 22 
interpretations and the distribution of the real geologic deposits contribute in complex ways to affect map 23 
accuracy.  Additionally, while some geostatistical methods have been developed to address the accuracy or 24 
uncertainty of geologic maps and models, no standard methods exist that are consistent with the types of 25 
information and the qualitative considerations that are made during mapping. 26 
 27 
METHODS 28 
 The predictions made within geologic maps and models are results of complex interpretations made 29 
based on evaluation of many sources of information.  At the same time, these maps and models involve 30 
generalizations, and estimates of the distribution and characteristics of the real geologic deposits.  The 31 
complexity of the interpretations, the generalizations integrated into the predictions and the underlying 32 
complexity of the real geologic deposits all lead to discrepancies between the predictions in a map or model 33 
and the actual distribution or characteristics of the deposits.  To address these discrepancies, geologists 34 
often define map units broadly, accommodating the expected range in distribution or characteristics of the 35 
deposits.  When sound geologic insight is used and map units are defined to accommodate the inherent 36 
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complexity of the deposits and the generalizations required in mapping, geologic maps are reliable 1 
predictive tools. 2 
  3 
 Increasing integration of geologic maps and models into planning decisions and into models of 4 
groundwater flow or earthquake shaking risk have resulted in an increasing request for more comprehensive 5 
evaluations of the accuracy of geologic maps and models.  However, the variations of data quality and 6 
distribution, the spatial variations in both the complexity of map unit interpretations and the distribution of 7 
the real geologic deposits make it difficult to provide detailed evaluations of map accuracy.  While some 8 
methods have been developed to try to address the accuracy or uncertainty of geologic maps and models, 9 
no standard methods exist that are consistent with the types of information and the qualitative considerations 10 
that are made during mapping.  11 
 12 
 To provide an evaluation of the accuracy of this 3-D model that was consistent with the information 13 
and approach used in the modeling process, a custom approach was developed in which 3 aspects of the 14 
data and interpretations were evaluated: 15 
 16 
1. Likelihood of errors and imprecision within input data; 17 
2. Likelihood of mistakes in correlating observations to map units; 18 
3. Potential impacts of variations in the spatial distribution of the input data. 19 
 20 
 These 3 factors were evaluated for each geologic map unit and their cumulative effect was estimated to 21 
characterize the overall accuracy or uncertainty within the mapped distribution of each unit.  These 22 
evaluations looked for variations in measurement and imprecisions in interpretation that were large enough 23 
to have a noticeable impact on the groundwater flow model. 24 
 25 
Errors and imprecision in input data were grouped into 4 categories: the x and y spatial coordinates of the 26 
data point, the elevation assigned to represent land surface at the data point, the depth where changes in 27 
material were observed, and the description of the type of material encountered.  The impact on the accuracy 28 
of the final map from these various types of imprecision and error will be evaluated and discussed. 29 
 30 
A major step in geologic mapping involves interpreting descriptions of materials encountered when drilling 31 
and correlating them to the appropriate geologic map unit.   Error and imprecision in data values, poor 32 
spatial distribution of data, and complexities inherent in the geologic deposits are major sources of 33 
misidentifications and miscorrelations.  We evaluate the likelihood of mistakes in correlation of 34 
observations to map units by reviewing the descriptions of sediment composition for each geologic mapping 35 
unit and evaluating the described amount of variability in sediment texture for each unit.  In addition to 36 
these considerations, summaries of the observed and mapped top elevations and unit thicknesses are 37 
compared and evaluated.  Observations on the distribution of each mapping unit and patterns within the top 38 
surface elevation map and the thickness map are made and noted.  An estimate is made of the relative 39 
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difficulty in distinguishing between adjacent and nonadjacent map units.  From this estimate, we evaluate 1 
the potential for misidentifying deposits within descriptive logs. 2 
The impact of irregularities in the spatial distribution of the data is evaluated using the Area of Influence 3 
method (Singer and Drew 1976, Singer 1976).  The Area of Influence method was developed to assist in 4 
estimates of oil, natural gas or mineral resource reserves, and calculates the probability, that a distribution 5 
of sample points, or boreholes, will detect an object of some specific size.  The method is based on the 6 
recognition that each sample point has an “area of influence” around it, within which an object could not 7 
be centered without being identified.  The shape of the area of influence for a sample is based on the shape 8 
of the target and the likelihood that the sample will accurately identify the target when encountered.  This 9 
approach can be used if the goal of sampling can be conceptualized as identifying an object of a specific 10 
size, and the samples can be used to conclusively determine whether a specified target object exists or does 11 
not exist. 12 
 13 
Singer and Drew (1976) developed this method to determine how effective borehole distributions were at 14 
identifying petroleum reserves (targets) of specific sizes. In this project, the target object is defined to be a 15 
coherent block of sediment that corresponds to a portion of a specified geologic mapping unit.  For example, 16 
this analysis will be used to estimate the probability that mapped areas of unit 5PIL, that are 6 km by 3 km 17 
(3.7 miles by 1.9 miles) in size, are detected by the borehole data available.  18 
To accommodate situations where a borehole might penetrate the target yet, due to some measurement or 19 
interpretation error, fail to identify the target, a probability of missing could be assigned to the borehole 20 
(Singer 1976, Keefer 2011).  This probability value is accounted for in the calculations and reduces the 21 
probability of detection in the final analysis.  Boreholes that were partially penetrating were assigned a non-22 
zero probability of missing. Boreholes that did not detect a map unit but penetrated to depths sufficient to 23 
encounter the full thickness of the map unit were also assigned non-zero probability of missing values.  The 24 
assignment of the probability of missing values is discussed in the results section. 25 
 26 
The application of the area of influence analysis to this 3-D geologic model involved an 8-step process.  27 
For each geologic mapping unit: 28 
 29 
1. Identify fully-penetrating and partially-penetrating boreholes 30 
2. Create a shaded contour map of unit thickness 31 
3. Based on the observed thickness of the mapping unit in each borehole log and the distribution of 32 
thickness values in the contour map, rate the probability of missing for each partially penetrating 33 
borehole 34 
4. Based on the number of fully penetrating boreholes, the areal coverage of the mapping unit and the 35 
potential for correlation errors in identifying this mapping unit, rate the probability of missing for 36 
fully penetrating boreholes 37 
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5. Analyze the shaded contour map of unit thickness and identify 2 to 3 common polygon sizes that 1 
are large enough to be relevant to groundwater flow modeling.  Estimate these polygons by ellipses 2 
of specified sizes 3 
6. Identify boreholes that do not include the desired geologic mapping unit but are deep enough to 4 
fully encounter the mapping unit.  These are identified by boreholes that don’t include the desired 5 
mapping unit but extend at least to the lowest elevation observed within the mapping unit. 6 
7. Estimate the probability of missing for these boreholes 7 
8. Using the borehole locations and probability of missing values from steps 3, 4 and 7, calculate the 8 
probability that a target ellipse would be detected throughout the mapping area 9 
 10 
Table 14.1: Geologic mapping units and ellipse sizes for Area of Influence analysis. 11 
Mapping Unit Area of Influence Ellipse Size (km) 
5WI 1 x 0.250 
 3 x 1.5 
8WI 3 x 3 
 6 x 3 
7ILch 3 x 1.5 
 6 x 3 
7ILe 2 x 0.250 
 3 x 3 
 6 x 3 
5IL 2 x 0.250 
 3 x 1.5 
 6 x 3 
8IL 2 x 250 
 3 x 3 
 6 x 3 
5PIL 2.5 x 1 
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 6 x 3 
 10 x 6 
8PIL 3 x 1.5 
 6 x 3 
 10 x 6 
11 5 x 2 
 7 x 3.5 
 1 
RESULTS AND DISCUSSION 2 
The results from the analyses on map confidence and uncertainty will be addressed in two parts.  The 3 
evaluation of the error in the input data will be discussed first.  Then, a discussion of the overall reliability 4 
of the maps and a quantitative estimate of the uncertainty in the mapped distribution of each unit will be 5 
made, based on consideration of the results from both the analysis of sediment and mapping-unit 6 
complexities and the Area of Influence analyses.   7 
 8 
The evaluation of error in the input data had four findings.  First, the error in x and y coordinates for 9 
boreholes did not have a significant impact on the accuracy of the maps.  Previous efforts at the ISGS have 10 
found that approximately 80% of the recorded borehole locations were within 800 feet of the correct 11 
location.  The scale and regional nature of this geologic model suggest that geologic boundaries will not be 12 
detailed enough to warrant locational accuracy of less than this distance. 13 
 14 
Second, the errors in land surface elevation values of some of the boreholes were found to have a potentially 15 
significant impact on the accuracy of the maps.  For boreholes with verified spatial coordinates (x, y), the 16 
land surface elevation values were often within +/- 10 feet of the correct value.  These errors were felt to 17 
have no impact on the accuracy of the maps.  For boreholes with unverified coordinates, the land surface 18 
elevation values were expected to be within +/- 30 feet of the correct value.  The errors in these boreholes 19 
could have an impact on map accuracy.  20 
 21 
Third, the errors in the depth values where changes in material were observed were found to be noteworthy, 22 
but not likely to have a significant impact on map accuracy.  In geologist’s logs and engineer’s logs, these 23 
errors were felt to be insignificant.  The error in water well driller’s logs was felt to be the most significant 24 
source of error in these measurements.  Typical water well drillers will report depths to the closest foot.  25 
This reported precision seems to indicate recognition, on their part, of the importance of this level of 26 
precision within these measurements.  Evaluation of clusters of water well driller’s logs that have had their 27 
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locational coordinates verified shows a surprising consistency in the depths of material changes, indicating 1 
many of these records have a very slight error in these depth values.  After evaluation, the reported depths 2 
to changes in materials from most water well driller’s logs were estimated to be within +/- 7 feet of the 3 
actual values. 4 
 5 
Fourth, the descriptions of materials encountered during drilling were evaluated for errors.  Descriptive 6 
error was found to be significant in some of the borehole log descriptions, and likely could impact the 7 
accuracy of the maps.   However, project geologists have partially accommodated these errors when they 8 
defined the mapping units and evaluated the borehole log descriptions. Geologist’s logs are the most 9 
accurate sources of geologic information within the map.  They tend to be accurate and precise enough to 10 
allow geologists to develop map units that describe the textural complexities within these units.  Engineer’s 11 
logs tend to be very reliable sources of information, but while they are accurate and precise for engineering 12 
purposes, they are not as precise as geologist’s logs for describing textural variations in glacial sediments.  13 
In spite of this distinction, they have been shown to be valuable sources of information and do not contribute 14 
significantly to errors in the final maps.  Water well driller’s logs are more complicated and varied in 15 
accuracy and precision than these other two types.  Other studies (Russell et al. 2001) have found that water 16 
well drillers tend to significantly under-report the occurrence of silt and fine sand in their logs.  These 17 
deposits, when encountered by water well drillers, are more likely to be described as clay or another clayey 18 
deposit, resulting in a significant over-reporting of clayey deposits. 19 
 20 
The evaluation of sediment and mapping-unit complexities resulted in an assessment of the confidence in 21 
the mapped extent of each mapping unit, and an estimation of the possibility of unmapped areas existing 22 
within the map area.  The assessment of the confidence in the mapped extent of each unit resulted in ratings 23 
of Very High, High, Moderate, Low, and Very Low.  These ratings indicated the relative confidence that 24 
the mapped boundaries were accurate and reliable and whether or not changes in these boundaries could be 25 
expected based on the complexities of the geologic deposits and ability to reliably identify the deposits 26 
from the input data.  The estimation of the possibility of unmapped areas resulted in the same ratings, Very 27 
High, High, Moderate, Low, and Very Low.  These ratings indicated the relative likelihood that additional 28 
deposits of the map unit could exist in areas where this unit was currently mapped as absent.  This estimation 29 
was based on the depositional and erosional history and the probability of reliably identifying this mapping 30 
unit from the input data in these absent areas. 31 
 32 
The Area of Influence analyses resulted in a set of maps showing the probability that the target would be 33 
identified throughout the map area.  These maps can also be used to determine the degree of characterization 34 
for the specified target.  The results from these analyses were generalized and ranked, based on degree of 35 
characterization, into ratings of Very Well, Well, Moderately Well, Poorly, and Very Poorly. 36 
 37 
The results from both the evaluation of the sediment and mapping unit complexities and the Area of 38 
Influence analysis were considered together to provide an overall rating of the reliability of the maps, and 39 
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a quantitative estimate of the uncertainty of the mapped distributions for each unit.  Uncertainty is expressed 1 
as a range of values in the form of +/- x feet, as a way of capturing the expected limits of possible map 2 
values.  Because the quantitative estimates of uncertainty were based on changes in data density across the 3 
map, these uncertainty ranges were calculated for areas of typical data density, called baseline uncertainty, 4 
and for areas where data density was lower, called sparse data uncertainty.  The various uncertainty 5 
measurements and confidence metrics compiled for this analysis are presented in Table 2 for each of the 6 
mapping units.  The discussion of the combined analyses leading to the results of table 2 follows below. 7 
Table 14.2: Uncertainty measures and confidence metrics for the geologic mapping units. 8 
 9 
Unit Baseline 
Uncertainty 
Range 
Sparse Data 
Uncertainty 
Range 
Confidence 
of Mapped 
Extent 
Possibility of 
Unmapped Areas 
5WI +/- 0-10’ 
+/- 0-20’ 
+/- 0-20’ 
+/- 0-30’ 
Very High Very Low 
8WI +/- 0-10’ +/- 0-20’ Moderate High 
7ILch 
+/- 0-20’ (top) 
+/- 0-30 (bot) 
 
+/- 0-50’ (bot) 
High Very Low 
7ILe +/- 0-30’ +/- 0-50’ High Very Low 
5IL 
+/- 0-30’ (top) 
+/- 0-20’ (bot) 
+/- 0-50’ (top) 
+/- 0-50’ (bot) 
Moderate-
High 
Low-Moderate 
8IL1 
+/- 0-20’ (top) 
+/- 0-50’ (bot) 
+/-  0-50’ (top) 
 
Moderate Low-Moderate 
8IL2 
+/- 0-20’ (top) 
+/- 0-40’ (bot) 
 Moderate Low-Moderate 
5PIL +/- 0-50’  
Low-
Moderate 
Moderate-High 
8PIL +/- 0-50’ +/- 0-70’ High Low-Moderate 
 10 
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Map Unit 5WI 1 
The materials in Unit 5WI compose the landforms found at the land surface and include the majority of 2 
materials deposited during the Wisconsin Episode.  Lithologically, the deposits within Unit5WI are 3 
dominated by fine-grained diamictons with locally inter-layered deposits of fine grained lake clays and 4 
silts, and coarser grained sand and gravel deposits associated with glacial meltwater streams.  The 5 
proportion of coarser grained deposits was not calculated for this study, but it was estimated to be less than 6 
20% of the total unit.  Map Unit 5WI was identified in 1783 driller’s logs, or 100% of the total logs used 7 
for this project.  The bottom of this unit was reached in 98% of these logs.  The thickness range for Unit 8 
5WI as observed in the driller’s logs is 16 to 208 feet, with a mean of 82.  The mapped thickness range for 9 
Unit 5WI is 2 to 230 feet, with a mean of 82. 10 
 11 
Deposits in Unit 5WI can be texturally similar to the upper Illinois Episode sediments in Units 7ILe and 12 
7ILch.  Locally, deposits of sand and gravel within Unit 5WI will be texturally similar to sediments with 13 
Unit 8WI.  Distinguishing the base of 5WI from the top of 7ILch or 7ILe using the driller’s logs may be 14 
problematic at times, particularly when no intervening sand or paleosol deposits are found. Identification 15 
of the base of 5WI and the top of 8WI within the major glacial outwash valleys is expected to be fairly 16 
accurate and errors in identification between these units are not expected to be a major problem.   17 
 18 
The Area of Influence analysis shows that Unit 5WI is Very Well characterized for target areas 3km x 19 
1.5km in size.  Overall, the unit is only Moderately Well characterized for target areas 1km x 250m in size.  20 
A more detailed analysis shows the southwestern quadrant of the map area is well characterized for these 21 
small target areas, while the remainder of the map area is Poorly characterized for this sized target areas. 22 
 23 
Due to the excellent data control for this unit, the confidence in the mapped extent of Unit 5WI is Very 24 
High, and the possibility for unmapped areas of this unit are Very Low.  In the data-dense southwest 25 
quadrant of the map area, the mapped bottom surface of Unit 5WI is expected to be within +/- 0-20 feet of 26 
the actual elevation when this unit overlies either 7ILch or 7ILe and within +/- 0-10 feet of the actual 27 
elevation when it overlies Unit 8WI.  In the rest of the map area, the mapped bottom surface is expected to 28 
be within +/- 0-30 feet of the actual contact when Unit 5WI overlies 7ILch or 7ILe and +/- 0-20 feet when 29 
it overlies 8WI. 30 
 31 
Textural generalizations of Unit 5WI are likely to include elimination of the sand and gravel deposits that 32 
are found sporadically throughout this unit.  Implications of generalizations to Unit 5WI for groundwater 33 
flow modeling could include an underestimation of leakage through this deposit, an oversimplification of 34 
groundwater flow paths through this unit and erroneous estimations of groundwater recharge and 35 
groundwater discharge to streams.  Consequences to uncertainty in the mapped bottom boundary of Unit 36 
5WI will affect the thickness of this unit and consequent estimations of groundwater flux to deeper layers.   37 
 38 
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Map Unit 8WI 1 
Unit 8WI consists of sand and gravel of the Ashmore Tongue of the Henry Formation that were laid down 2 
in front glaciers that later deposited the diamicton of the Tiskilwa Formation.  Unit 8WI was identified in 3 
210 driller’s logs, or 12% of the total logs used for this project.  The bottom of this unit was reached in only 4 
50% of these logs.  The elevation of the top of Unit 8WI from the 210 driller’s logs where it was identified 5 
ranges between 583 to 742 feet above msl. with a mean of 662.  The mapped elevation of the top of Unit 6 
8WI ranges between 578 and 765 feet above msl. with a mean of 663.  The thickness range for Unit 8WI 7 
as observed in the driller’s logs is 1 to 83 feet, with a mean of 23, while the mapped thickness range is 1 to 8 
83 feet, with a mean of 17.   9 
 10 
Map Unit 8WI is highly discontinuous, covering approximately 18% of the map area, with the majority of 11 
the deposits occurring in the eastern third of the map area.  The map of the top surface of Unit 8WI shows 12 
higher elevations generally in the northwestern portion of the map, with elevations dropping to lows in the 13 
southeastern extents of the unit.  The thickness map for Unit 8WI shows a very spotty occurrence of this 14 
unit in the western ⅔ of the map area.  When present in these areas, Unit 8WI is typically less than 25 feet 15 
thick and often found only in lenses on the order of 3km in size.  In the eastern third of the map area Unit 16 
8WI is found in several thicker lenses, often >35 feet thick.  These lenses typically thin quickly and grade 17 
from thick to absent over distances of 200 meters or less.   18 
 19 
The lithology of the deposits within Unit 8WI are primarily sand and gravel.  Because of the difficulties in 20 
distinguishing 8WI from a sand and gravel facies within 7ILe or 7ILch, some miscorrelations between these 21 
map units should be expected.  Distinguishing Unit 8WI from Unit 7Ile is most problematic in the eastern 22 
third of the map area, where 8WI is mapped as thickest.  In these areas, distinguishing between these two 23 
units from the driller’s log descriptions can be difficult and errors in identification and correlation will 24 
occasionally occur.  25 
 26 
The Area of Influence analysis shows that the map area is Very Well characterized for Unit 8WI, for both 27 
target sizes, with the exception of the western edge of the map area, the extreme southern edge of the map 28 
area and a swath through the center of the map area that runs from approximately Rantoul up to Gibson 29 
City.  These locations are Poorly characterized for target areas 3km x 3km in size, and only Moderately 30 
Well characterized for the larger 6km x 3km target areas.   31 
 32 
Unit 8WI is a highly discontinuous sand and gravel deposit with a low potential for being misidentified 33 
within driller’s logs due to poor textural descriptions and the occasional presence of adjacent units with 34 
similar texture.  Because of the small aerial extent and relatively thin occurrence of packages of 8WI, the 35 
confidence of the mapped extent of Unit 8WI is Moderate and the possibility of unmapped areas existing 36 
is High.  However, it seems likely that the spatial extent and thickness of these unmapped areas would not 37 
contribute significant volume of new material, and when present, these areas would be small and thin 38 
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packages of sediment.  The top and bottom mapped surfaces of Unit 8WI, are expected to be within +/- 0-1 
10 feet of the actual surfaces through most of the western two thirds of the map area, and within +/- 20 feet 2 
of the actual surfaces through the sparse data areas of the extreme western and southern edges, and a swath 3 
from near Rantoul to up near Gibson City.  The bottom mapped surface is expected to be within +/- 20 feet 4 
of the actual surface throughout the eastern third of the map area, due to potential difficulties in 5 
distinguishing between Unit 8WI and 7ILe from the water well driller’s log descriptions. 6 
 7 
Deposits mapped within Unit 8WI include a range of textures from fine to coarse sand, and intermixed 8 
packages of sand and gravel with gravels ranging from fine to coarse.  No information has been compiled 9 
regarding the proportions of these sediments, or the sizes of sediment packages that include these varied 10 
textures.  Consequences to groundwater flow models from this lack of detail in the geologic maps could 11 
include oversimplified or erroneous estimations of groundwater flow through this unit.  Consequences of 12 
the uncertainty in the mapped thickness and distribution of Unit 8WI also could include errors in the 13 
estimations of groundwater flux, particularly in the eastern third, where the unit could include portions of 14 
Unit 7ILe.  However, errors due to this misidentification could likely improve the overall accuracy of flow 15 
model results, if Unit 7ILe is considered a non-aquifer layer, because they might result in a more accurate 16 
estimation of sand thickness in these areas. 17 
 18 
Map Unit 6IL2 19 
Unit 7ILch includes deposits of the Upper Glasford Formation of the Illinois Episode, and contains a 20 
complex succession of sediments that appear to have been deposited in a channelized scour into other 21 
Illinois Episode and earlier sediments.  Unit 7ILch only covers approximately 30% of the total map area, 22 
though this unit is very contiguous and occurs largely in the western half of the map.  Unit 7ILch was 23 
identified in 472 driller’s logs, or 26% of the total logs used in this project.  The bottom of this unit was 24 
reached in only 43% of these logs.  The elevation of the top of Unit 7ILch, from the 472 driller’s logs, 25 
ranges from 480 to 767 feet above msl. with a mean of 654. The mapped elevation of the top of Unit 7ILch 26 
ranges from 581 to 763 feet above msl. with a mean of 658. The thickness of Unit 7ILch, from the driller’s 27 
logs, ranges from 5 to 227 feet, with a mean of 109.  The mapped thickness of Unit 7ILch is 14 to 279 feet, 28 
with a mean of 153.  The distribution of the thicker zones of sediment do not seem correlated to the features 29 
within the top-surface map.  The thickness map for Unit 7ILch shows changes in total thickness and in 30 
location variation of thickness across the map.  The northern half of this deposit is characterized by 31 
generally large, thick occurrences of deposits, while the southern half of the map is characterized by thinner, 32 
more locally variable occurrences of deposits.  It appears that these mapped differences are a reflection of 33 
differences in data density, variability in data values and are interpolation artifacts from the computer 34 
mapping algorithm. 35 
 36 
The lithology of Unit 7ILch is varied, including diamicton, sand, gravel, silt and clay.  Typically, this unit 37 
is characterized by diamicton in the upper portion of the deposit, and varied layers of sorted sediments near 38 
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the base.  Deposits of Unit 7ILch are interpreted largely from water well records, but seem to show more 1 
uniformity of succession than deposits within Unit 7ILe.  Identification of 7ILch relative to Units 5IL, 5PIL 2 
and 8PIL can be problematic from water well driller’s logs.   3 
 4 
The Area of Influence analysis indicated that Unit 7ILch is Very Well characterized for target areas 6 km 5 
x 3 km in size.  The southern half of the mapped occurrence of Unit 7ILch is Very Well characterized for 6 
target areas 3km x 1.5km in size, while the northern half of it is only Well characterized for these same 7 
sized target areas.   8 
 9 
The mapped extent of this unit is defined by both observed changes in sediment character and constraints 10 
of the conceptual model explaining its possible depositional environment.  This leads the confidence in the 11 
mapped extent of Unit 7ILch to be High.  The high continuity in this unit within the mapped extent suggests 12 
the possibility of unmapped areas is Very Low.  The mapped top surface of Unit 7ILch is expected to be 13 
within +/- 0-20 feet of the actual top surface throughout the entire map area.  The mapped bottom surface 14 
of Unit 7ILch is less confident.  In the south half of the map area, this mapped bottom surface is expected 15 
to be within +/- 0-30 feet of the actual surface.  In the northern half of the map area the mapped bottom 16 
surface is expected to be within +/- 0-50 feet of the actual bottom surface.   17 
 18 
The majority of this unit is composed of fine-grained, non-aquifer sediments, though deposits of sand are 19 
found generally within the lower portions of the deposit.  Textural generalizations that classify this deposit 20 
completely as a non-aquifer are likely to overestimate the non-aquifer thickness and underestimate the 21 
leakage through this unit.  Generalizations that classify portions of this deposit as an aquifer are likely to 22 
overestimate the aquifer thickness and overestimate the flux through that portion of the unit.  Consequences 23 
to uncertainty in the mapped top and bottom surfaces of Unit 7ILch will affect the thickness of this unit and 24 
consequent estimations of groundwater flux within and through this unit.  Considerations should also be 25 
given to the regional changes in shape and local variation in the distribution of this deposit, as noted above, 26 
to determine if these patterns could significantly impact predictions in groundwater flow. 27 
 28 
Map Unit 6IL1 29 
Map Unit 7ILe contains deposits of the Upper Glasford Formation of the Illinois Episode and contains a 30 
complex succession of sediments that appear consistent with stagnant ice deposits.  Texturally, Unit 7ILe 31 
contains portions with clay-rich diamicton together with layered deposits silts, sand, and sand and gravel.  32 
Unit 7ILe was identified in 1201 driller’s logs, or 67% of the total logs used for this project, which is 33 
consistent with the aerial extent of this unit that covers approximately 70% of the total map area.  Unit 7ILe 34 
is very contiguous, except where it has been scoured and replaced by Unit 7ILch.   The bottom of this 35 
deposit was reached in 63% of these logs.  The elevation for the top of Unit 7ILe from the 1201 driller’s 36 
logs ranges from 562 to 751 feet above msl. with a mean of 641.  The elevation for the mapped top of Unit 37 
7ILe ranges from 560 to 756 feet above msl. with a mean of 650.  The thickness of Unit 7ILe from the 1201 38 
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driller’s logs ranges from 3 to 146 feet, with a mean of 61.  The mapped thickness of Unit 7ILe ranges from 1 
1 to 236 feet, with a mean of 64.  Similar to Unit 7ILch, the southern half of the map area for Unit 7ILe 2 
shows more localized variability, with fewer areas of extreme thickness than are found in the rest of the 3 
map area.  These patterns are found in maps of both the upper and lower surfaces, as well as the thickness 4 
map.  It appears likely that the patterns are due to variations in data density, variability in the data values, 5 
and subsequent interpolation artifacts from the computer mapping algorithm. 6 
 7 
The lithology of Unit 7ILe includes stratified and uniform deposits of diamicton, sand and gravel and silts 8 
and clays.  The identification of Unit 7ILe from driller’s logs, relative to 7ILch, is based largely on location.  9 
Unit 7ILch is found only within a distinct channel-shaped area within the northwestern portion of the map 10 
area.  In general, 7ILe is more stratified and spatially variable than the deposits in 7ILch, and is more 11 
consistent with depositional environments and deposits of a stagnating ice front.  Mistakes in identification 12 
of 7ILe relative to other deposits are expected to occur, though not frequently.  Unit 5IL tends to be more 13 
compacted and fine-grained in the diamicton distribution and doesn’t show the degree of stratification found 14 
in 7ILe.  Sand and gravel deposits at the top of Unit 7ILe would be difficult to identify, as they could be 15 
confused with deposits from Unit 8WI.  Unit 8WI is found over Unit 7Ile most commonly in the eastern 16 
third of the map unit, and in these situations it can be difficult to distinguish between the two map units 17 
from the driller’s log descriptions.  In the western two thirds of the map area, correlation problems between 18 
these two deposits are expected to be much less frequent. 19 
 20 
The Area of Influence analysis suggests that the entire mapped extent of Unit 7ILe is Very Well 21 
characterized for target areas of 6km x 3km in size and Well to Very Well characterized for target areas 22 
3km x 3km in size.  The southern half of the map area is Moderately Well characterized for target areas 23 
2km x 250m in size and Poorly to Moderately Well characterized throughout the rest of the map area for 24 
these same sized target areas.  25 
 26 
The mapped extent of Unit 7ILe is determined by both observations of sediment distribution within the 27 
input data and by constraints from the conceptual model that governs the distribution of Unit 7ILch.  This 28 
leads the confidence in mapped extent of Unit 7ILe to be High while the possibility of unmapped areas is 29 
Very Low.    In the southern half of the map area, the top and bottom mapped surfaces of Unit 7ILe are 30 
expected to be within +/- 0-30 feet of the actual surfaces.  In the northern half of the map area, the top and 31 
bottom surfaces are expected to be within +/- 0-50 feet of the actual surfaces.   32 
 33 
Unit 7ILe is texturally complex, typically being some combination of clay-rich diamicton and layered silts, 34 
sands and gravels.  As with Unit 7ILch, textural generalizations that classify Unit 7ILe as a non-aquifer are 35 
likely to overestimate the non-aquifer thickness and underestimate the leakage through this unit.  36 
Generalizations that classify portions of this deposit as an aquifer are likely to overestimate the aquifer 37 
thickness and overestimate the flux through this portion of the unit.  Consequences to uncertainty in the 38 
mapped top and bottom surfaces of Unit 7ILe will affect the thickness of this unit and consequent 39 
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estimations of groundwater flux within and through this unit.  Considerations should also be given to the 1 
regional changes in shape and local variation in the distribution of this deposit, as noted above, to determine 2 
if these patterns could significantly impact predictions in groundwater flow. 3 
 4 
Map Unit 5IL 5 
Map Unit 5IL is composed of deposits of the Vandalia Member of the Glasford Formation and associated 6 
glaciolacustrine sediments of the Teneriffe Silt.  Texturally, Unit 5IL is primarily clay-rich diamicton with 7 
portions of layered silt and clay in the lower portions of the unit.  Unit 5IL was identified in 788 drillers 8 
logs, or 74% of the total logs used for this project, which is consistent with the aerial extent of this unit that 9 
covers approximately 72% of the map area.  The unit is generally present, except where it has been scoured 10 
by Unit 7ILch.  Within the boundaries of Unit 7ILch, deposits from 5IL are mapped as very localized and 11 
thin remnants.   The bottom of the unit was reached in 87% of these 788 logs.  The elevation for the top of 12 
Unit 5IL from the driller’s logs ranges from 507 to 675 feet above msl. with a mean of 574.  The mapped 13 
elevation for the top of Unit 5IL ranges from 391 to 726 feet above msl. with a mean of 584.  The thickness 14 
of Unit 5IL from the driller’s logs ranges from 1 to 132 feet with a mean of 43.  The mapped thickness of 15 
Unit 5IL ranges from 1 to 198 feet, with a mean of 49.  Significant portions of the mapped extent of Unit 16 
5IL are mapped as less than 20 feet thick, though the unit is mapped as continuous throughout the area not 17 
scoured by 7ILch.  Similar to Units 7ILch and 7ILe, there are distinct patterns in shape and local variability 18 
within the top and bottom surface maps for Unit 5IL, and consequently, within the resultant thickness map.  19 
In these maps, the southern half of the map area shows more localized variability, with more subdued 20 
extremes and more gradual transitions between extremes than are found in the rest of the map area.  It 21 
appears likely that the patterns are due to variations in data density, variability in the data values, and 22 
subsequent interpolation artifacts from the computer mapping algorithm and do not reflect natural variations 23 
in the distribution of the units.   24 
 25 
Lithologically, this unit is distinct from other units.  Unit 7ILe tends to be stratified diamicton with fine to 26 
coarse sorted sediments, and the diamicton in this unit is typically much coarser and more gravely than the 27 
Vandalia Till within Unit 5IL.  The glaciolacustrine deposits in subunit 2IL are typically distinct from the 28 
overlying Vandalia Till and typically overlay coarser sands and gravels associated with either 8IL or 8PIL.   29 
 30 
Evaluation of the Area of Influence results suggests Unit 5IL is Well to Very Well characterized for target 31 
areas 6km x 3km in size.   In the southeastern quadrant of the map area, Unit 5IL is Moderately Well to 32 
Well characterized for target areas 3km x 1.5km in size, and is Very Well characterized for these sized 33 
target areas throughout the rest of the map area.  In the western half of the map area, Unit 5IL is Moderately 34 
Well characterized for target areas 2km x 250m in size, while it is Poorly characterized for the eastern half 35 
of the map area for this same sized target area. 36 
 37 
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Confidence in the mapped extent of Unit 5IL is Moderate to High.  This rating is more limited than for 1 
other units because of the significant portions of the mapped extent that are thin and potentially 2 
discontinuous and because it is limited in extent through scouring by Unit 7ILch.  It is likely that Unit 5IL 3 
is locally absent within areas where the thickness is mapped as less than 20 feet.  The possibility for 4 
unmapped areas existing is Low to Moderate.  Approximately 20 boreholes have included sediments in 5 
their driller’s logs that was identified as Unit 5IL and it seems likely that additional, undetected remnants 6 
of this unit exist in other locations within the mapped extent of Unit 7ILch.  The observed occurrences of 7 
Unit 5IL in these areas, however, are thin and only locally present, and it is expected that unmapped 8 
occurrences of Unit 5IL will be similarly thin and discontinuous.  In the northern half of the map area, the 9 
mapped top surface elevation is expected to be within +/- 0-50 feet of the actual surface, while in the 10 
southern half of the map area it is expected to be within +/- 0-30 feet of the actual surface elevation.  Within 11 
the western half of the map area, the mapped bottom surface elevation is expected to be within +/- 0-20 feet 12 
of the actual surface and +/- 0-50 feet of the actual surface throughout the eastern half of the map area.   13 
 14 
Texturally, Unit 5IL is fairly consistent, and is considered the most recognizable aquitard in the map area.  15 
Generalizations in the texture of Unit 5IL are not expected to have a significant impact on results of 16 
groundwater flow models.  Uncertainty in the occurrence of pockets of 5IL within the mapped area of 7ILch 17 
suggests the impacts of these areas on groundwater flow models are expected to be inconsequential.  18 
Uncertainty in the mapped top and bottom surfaces will affect the thickness of this unit and it is expected 19 
that potentially significant areas could be thinner than expected with potentially significant increases in 20 
areas where Unit 5IL is actually not present.  The uncertainty in thickness of Unit 5IL could have significant 21 
consequences to groundwater flow models, as it could result in potentially significant changes in thickness 22 
of this aquitard, resulting in erroneous estimations of leakage to the underlying aquifers.  Considerations 23 
should also be given to the regional changes in shape and local variation in the distribution of this deposit, 24 
as noted above, to determine if these patterns could significantly impact predictions in groundwater flow. 25 
 26 
Map Unit 8IL 27 
Unit 8IL includes sand and gravel deposits within the Pearl Formation, of the Illinois Episode.  These 28 
sediments have been interpreted as being deposited during two major episodes, resulting in upper and lower 29 
subunits, 8IL1 and 8IL2.  The subunits have been identified due to their distinct depositional settings, 30 
though texturally, appear very similar.  Overall, Unit 8IL covers approximately 70% of the map area, with 31 
Subunit 8IL1 being located over the Mahomet Valley in the northeastern corner of the map area and in 32 
largely upland positions in the west and south.  Subunit 8IL2 is located primarily over the Mahomet Valley 33 
in the central and southwestern portions of the map area.  Unit 8IL was identified in 664 driller’s logs, or 34 
37% of the total logs used for this project, and the bottom of the unit was reached in about 55% of these 35 
logs.  The elevation for the top of Unit 8IL from the 664 driller’s logs where it was identified ranges between 36 
475 and 612 feet above msl. with a mean of 523.  The mapped elevation for the top of Unit 8IL ranged from 37 
387 to 676 with a mean of 535. Subunit 8IL2 is typically lower in elevation, but is constrained primarily to 38 
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within the Mahomet Bedrock Valley, while 8IL1 has a wider range in elevations with a typical upland 1 
position.  The thickness range for Unit 8IL from the driller’s logs is 2 to 70 ft thick with a mean of 28.  The 2 
mapped thickness range for Unit 8IL is 1 to 142 feet thick with a mean of 35, with the thickest portions 3 
typically being mapped within subunit 8IL2.  As with the maps of other units, the top and bottom surface 4 
maps of subunits 8IL1 and 8IL2 show distinct differences in shape and local variability.  The map of the 5 
top surface of Subunit 8IL1 shows a more gradually undulating surface, generally flat with a few large hilly 6 
areas.  The map of the top surface of Subunit 8IL2 shows significant local variability, with hummocky to 7 
gently hilly uplands and a series of punctuated depressions that are part of a network of lowland features.  8 
As with the maps of the other units, it appears likely that these patterns are due more to variations in data 9 
density, variability in the data values, and subsequent artifacts from the computer mapping algorithm, than 10 
natural variations in the data or surfaces. 11 
 12 
The lithology of deposits within Unit 8IL is predominantly sand and gravel.  Delineation between subunits 13 
8IL1 and 8IL2 is based on elevation and location within the map area.  Identification of 8IL deposits from 14 
driller’s logs and core samples can be difficult when compared to the sediments within 8PIL.  Correlation 15 
in these situations will be based primarily on elevation.   16 
 17 
Evaluation of the Area of Influence results suggest that Unit 8IL is Well characterized for target areas 6km 18 
x 3km in size, with slightly less confident characterizations along the northern edge of the map area.  19 
Subunit 8IL2 is also Very Well characterized throughout its extent for target areas 3km x 3km in size, while 20 
Subunit 8IL1 is Poorly to Moderately Well characterized for this size target area.  The analysis for target 21 
areas 2km x 250 m in size suggests that Subunit 8IL2 is Moderately Well to Well characterized, while 22 
Subunit 8IL1 is Very Poorly characterized for this sized target area. 23 
 24 
Due to constraints created by conceptual models governing boundaries between subunits, and the 25 
difficulties in identifying Unit 8IL from underlying sand and gravel deposits, the confidence in the mapped 26 
extent of Unit 8IL is Moderate.  These same factors contribute to the likelihood of unidentified packets of 27 
Unit 8IL, resulting in the possibility of unmapped areas being Low to Moderate.  Data density variations 28 
contribute to create varying confidence in the elevation of mapped top and bottom surfaces for each of the 29 
two subunits.  The mapped elevation for the top of Subunit 8IL1 is expected to be within +/- 0-20 feet of 30 
the actual surface elevation for the western half of the map area, and within +/- 0-50 feet of the actual 31 
surface for the eastern half.  The mapped elevation for the bottom of Subunit 8IL1 is expected to be within 32 
+/- 0-50 feet of the actual surface for the entire map area.  For Subunit 8IL2, the mapped top surface 33 
elevation is expected to be within +/- 0-20 feet of the actual surface elevation over the entire map area, 34 
while the mapped bottom surface is expected to be within +/- 0-40 feet of the actual surface. 35 
 36 
Unit 8IL is texturally fairly consistent, including a range of sand and sand and gravel deposits throughout.  37 
No information has been compiled regarding the proportions of these sediments or of the distances over 38 
which the sediment textures change.  Impacts to groundwater flow models of this lack of detail in the 39 
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geologic maps could include oversimplification and erroneous estimations of groundwater flow through 1 
this unit.  Without more detailed knowledge of the variability and proportions of the various textures, 2 
however, it is impossible to estimate the likely consequences of overgeneralization.  Consequences of the 3 
uncertainty in the mapped distribution of Unit 8IL could include errors in the predicted occurrence and 4 
thickness of this deposit.  Uncertainty in surface maps is expected to be most pronounced for the bottom 5 
surface map, as underlying sands and gravels are difficult to distinguish from those in Unit 8IL.  However, 6 
implications to groundwater flow models, due to confusion of Unit 8IL with Unit 8PIL, should not be too 7 
significant, as both deposits are similar in texture and are often in contact with each other. 8 
 9 
Map Unit 5PIL 10 
Unit 5PIL includes deposits of diamicton and associated proglacial silt and clay deposited during three 11 
glaciations during the latter part of the pre-Illinois Episode. These sediments were deposited in front of and 12 
under glaciers that advanced in the project area from the northeast and east.  Later events resulted in the 13 
erosion of most of these sediments, resulting in a highly discontinuous distribution that covers only about 14 
20% of the map area.  Most often, the diamictons and associated glaciolacustrine sediments are encountered 15 
outside the Mahomet Bedrock Valley on the uplands and in tributary valleys.  Unit 5PIL was identified in 16 
175 driller’s logs, or 10% of the total logs used for this project and the bottom of the unit was reached in 17 
about 79% of these logs.  The elevation for the top of Unit 5PIL from the 175 driller’s logs were it was 18 
identified ranges between 430 and 618 feet above msl. with a mean of 543.  The mapped elevation range 19 
for the top of Unit 5PIL is 367 to 665 feet above msl. with a mean of 540.  The thickness of 5PIL deposits 20 
from the drillers logs ranges from 4 to 161 feet thick with a mean of 43.  The mapped thickness ranges from 21 
1 to 183 feet above msl. with a mean of 35. 22 
 23 
The lithology of 5PIL is predominantly fine-grained diamicton, with inclusions of fine-grained 24 
glaciolacustrine deposits.  These deposits are texturally similar to diamicton and glaciolacustrine deposits 25 
within units 8PIL and 5IL.  Identifying these units from driller’s logs can be difficult because of similarities 26 
between the Illinois Episode basal sands and the sand deposits within the Mahomet Bedrock Valley.   27 
 28 
Evaluation of the Area of Influence analyses suggests that Unit 5PIL is Very Well characterized for target 29 
areas 10km x 6km in size.  Changes in data distribution, however, become apparent for smaller target areas.  30 
Unit 5PIL is Well characterized for target areas 6km x 3km in size, except for areas around Gibson City, 31 
Flatville and Sadorus, where this unit is Poorly to Moderately Well characterized for this size target area.  32 
For target areas 2.5km x 1km in size, Unit 5PIL is Very Poorly to Poorly characterized.   33 
 34 
Due to the highly discontinuous nature of these deposits, confidence in the mapped extent of Unit 5PIL is 35 
Low to Moderate and the possibility for unmapped areas of Unit 5PIL is Moderate to High.  It seems likely 36 
that there are more, undetected packages of Unit 5PIL within the map area.  They are likely to be small and 37 
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occasionally very thick.  The mapped top and bottom surfaces of Unit 5PIL are expected to be within +/- 1 
0-50 feet of the actual surfaces throughout the map area.   2 
 3 
Texturally, Unit 5PIL is fairly consistent, so generalizations in texture are not expected to have a significant 4 
impact on results from groundwater flow models.  When present, Unit 5PIL can have significant thickness, 5 
suggesting that uncertainty in the occurrence of 5PIL could contribute to unpredicted irregularities in the 6 
flow within sand units that bound 5PIL.  Given the high discontinuity within Unit 5PIL, it is unlikely that 7 
uncertainties in 5PIL would significantly impact regional groundwater flow model results.   8 
 9 
Map Unit 8PIL 10 
Unit 8PIL is comprised of predominantly of sand and gravel classified to the Mahomet Sand Member of 11 
the Banner Formation, but locally contains interglacial silt and fine-grained sand at the top of the unit and 12 
diamicton deposited during an earlier advance of glacial lobes into the project area.  Unit 8PIL covers 13 
approximately 67% of the map area, with the deposits being limited to the central portion of the Mahomet 14 
Bedrock Valley.  Unit 8PIL was identified in 436 of the driller’s logs, or 24% of the total logs used in this 15 
study, and it the bottom of the unit was reached in only 26%, or 113, of these logs.  The elevation for the 16 
top of Unit 8PIL from the 436 driller’s logs where it was identified ranges between 419 and 583 feet above 17 
msl. with a mean of 491.   The mapped elevation range for the top of Unit 8PIL is 380 to 562 feet above 18 
msl. with a mean of 488.  Only 2 of the driller’s logs report the top of Unit 8PIL as occurring above 562.  19 
The thickness of 8PIL deposits from the driller’s logs ranges from 4 to 172 feet with an average of 41 feet 20 
thick.  The mapped thickness of 8PIL deposits ranges from approximately 1 feet to over 183 feet thick, with 21 
a mean of 78 feet thick.    22 
 23 
The lithology within unit 8PIL is predominantly sand, and most of this is sand associated with the Mahomet 24 
Sand Member of the Banner Formation.  As noted, there are lithologic complexities within this map unit, 25 
most notably the inclusion of the diamicton and silts and fine sands.  The sand deposits are also locally split 26 
into two subunits, specifically 8PIL1 and 8PIL2.  Identifying deposits within these two subunits was 27 
difficult from the driller’s logs due to absence of paleosols or other markers, but the process of identifying 28 
map units was occasionally helped with borehole geophysical logs.  Locally, Illinois Episode sediments in 29 
map unit 7ILch or 7ILe will overly 8PIL sediments.  The base of these Illinois Episode sediments is often 30 
composed of sand and gravel and will be texturally similar to the underlying Pre-Illinois Episode sediments. 31 
 32 
Evaluation of the Area of Influence analysis suggests that Unit 8PIL is Very Well characterized for target 33 
areas 10km x 6km in size.  For target areas 6 km x 3 km in size, Unit 8PIL is generally Well characterized, 34 
with problem areas where characterization is only Poor to Moderate.  These problem areas include near 35 
Gibson City, north of Flatville, and from west of Sadorus north towards Seymour.  Unit 8PIL is Very Poorly 36 
to Poorly characterized for target areas 3km x 1.5km in size, with Very Poor characterization focusing 37 
around these same problem areas.  38 
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 1 
The confidence in the mapped extent of Unit 8PIL is High due to the constraints provided by the bedrock 2 
valley morphology and the conceptual model governing the predictions of Unit 8PIL.  The possibility of 3 
unmapped areas in Unit 8PIL is Low to Moderate.  While irregularities in the boundary of this unit are 4 
expected to occur, it is likely that they will typically include small areal changes.  Evaluation of the 5 
uncertainty within the mapped occurrence of Unit 8PIL suggests that the mapped top and bottom surfaces 6 
will be within +/- 0-50 feet of the actual surfaces, except for the problem areas, where they both are expected 7 
to be within +/- 0-70 feet of the actual values.   8 
 9 
While Unit 8PIL is predominantly sand and gravel, it contains a significant proportion of fine grained 10 
deposits, including layered silts and clays and diamicton.  However, no information has been compiled 11 
regarding the proportions of these sediments or the distances over which the sediments change. Textural 12 
generalizations that classify Unit 8PIL as only an aquifer may over-generalize groundwater flow through 13 
this unit.  Without more detailed knowledge of the variability and proportions of the various textures, 14 
however it is impossible to estimate the likely consequences of this overgeneralization. Uncertainty in the 15 
top and bottom surfaces of Unit 8PIL will affect the mapped thickness of this unit and these can impact the 16 
estimations of groundwater flux within and through this unit. 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
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Chapter 15 1 
Isotope Hydrogeochemistry 2 
Keith C. Hackley 3 
 4 
INTRODUCTION 5 
This chapter focuses on the isotopic results of groundwater samples collected from the unconsolidated 6 
Quaternary-age deposits of sand and gravel assigned to the Ashmore Member, Henry Formation (geologic 7 
mapping unit 8WI), Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1), Pearl Formation 8 
(geologic mapping unit 8IL1), and the Banner Formation (geologic mapping units 5PIL2, 8PIL1, 8PIL2, 9 
and 4PIL2) over the Mahomet Bedrock Valley (MBV). The purpose of these analyses was to help determine 10 
the age of the groundwater, especially in the lowest deposits of sand and gravel of the Pearl and Banner 11 
Formations that comprise the Mahomet aquifer. The analyses discussed in this chapter include the oxygen 12 
and hydrogen isotopes (δ18O and δD respectively) of the water, the stable carbon isotopes (δ13C) of the 13 
dissolved inorganic carbon (DIC), the tritium (3H) concentration of the water, the methane (CH4) 14 
concentration and the radiocarbon (14C) analysis of the DIC sampled from the aquifers in the MBV. 15 
  16 
The thalweg of the MBV in the study area trends northeast to southwest from northwestern Vermillion and 17 
southeastern Ford County through Champaign County into northeastern Piatt County (figure 15-1).  The 18 
majority of sampling sites were located in Champaign County, with two wells in Piatt County (figure 15-1 19 
and table 15-1). The groundwater samples were collected from monitoring wells installed by the Illinois 20 
State Geological Survey (ISGS). Several of the sites sampled for isotopic analyses had two or three wells 21 
in boreholes drilled in close proximity to one another and screened in deposits of sand and gravels 22 
encountered at different depths in order to examine the vertical profile of these aquifers. The geological 23 
descriptions materials encountered in these boreholes are provided in table 15-2 in this chapter, and tables 24 
6-1, 7-1, and 8-1 in previous chapters. The MBV is primarily filled with sand and gravel (glacial outwash). 25 
Locally these deposits are interstratified with silt, sand, and clay (alluvial deposits) and diamicton (till) (see 26 
chapter 2 for a more detailed description). These discontinuous interstratified deposits are depicted in the 27 
cross-sections shown in plate12-1.  Regionally, the deposits of sand and gravel assigned to the Mahomet 28 
Sand Member, Banner Formation (geologic mapping units 8PIL1 and 8PIL2) are the thickest and most 29 
prominent aquifer, making it the most important groundwater resource for the municipalities and residents 30 
in the project area. 31 
 32 
Calculating the age of water that recharged greater than 50 years ago, but within the last 40,000 years, 33 
usually involves radiocarbon (14C) analyses of the DIC.  However, corrections to the measured 14C activity 34 
are necessary because after the groundwater leaves the soil zone and percolates through the subsurface there 35 
are contributions to the pool of DIC from carbonate minerals, which ultimately dilute the 14C concentration 36 
of the DIC.  Additionally, another potential impact in determining the age of groundwater in the Mahomet 37 
aquifer is the influence of microbial processes such as methanogenesis and anaerobic oxidation of organic 38 
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carbon on the DIC 14C activity (Hackley et al., 2010).  Microbial CH4 is relatively common in glacial 1 
deposits throughout the Midwest and Canada (Meents, 1960; Coleman et al., 1988; Simpkins and Parkin, 2 
1993; Aravena and Wassenaar, 1993).  The organic matter in deposits of sand and gravel overlying the 3 
MBV and assigned to the Illinois and pre-Illinois Episodes are hundreds of thousands of years old, and 4 
when oxidized to CO2 through microbial oxidation and fermentation reactions also dilute the 14C activity 5 
of the DIC pool.  Thus, in order to calculate the age of the groundwater we used the geochemical software 6 
program NETPATH that helps correct for inputs of dissolved carbonates and microbial processes such as 7 
methanogenesis and oxidation of organic carbon resulting in an adjusted 14C activity for the DIC of the 8 
groundwater. 9 
 10 
 11 
SAMPLING AND ANALYTICAL METHODS 12 
Sample Collection 13 
Groundwater samples for isotopic analyses were collected following a similar procedure as described in 14 
Hackley et al. (2010) using an electric submersible stainless steel pump powered by a portable generator.  15 
The pump tubing was fitted with a “Y”-connection at the land surface to split the water for sampling and 16 
monitoring field parameters.  The well was pumped for approximately 20 to 30 minutes to let pass an 17 
amount of water greater than three well volumes at each site, prior to sampling.  18 
 19 
Groundwater samples for methane gas determination were collected in 4-liter collapsible low-density 20 
polyethylene containers that were fitted with plastic spigots as described in Hackley et al. (2010).  The 21 
containers were evacuated in the field using a portable direct drive pump.  A few drops of concentrated 22 
Zephiran chloride solution, a preservative, were added to the containers prior to evacuation.  The evacuated 23 
collapsible containers were connected via the spigot on caps to the Y coupling using thick-walled Tygon 24 
tubing.  Unfiltered water was allowed to flush the connecting tubes and spigot for several seconds to expel 25 
air bubbles from the system, and then the spigot valve was opened to collect the water sample.  The sample 26 
containers were filled with slightly less than 4 liters of water and brought back to the laboratory for 27 
processing that same afternoon. 28 
  29 
Water samples collected for isotopic analyses were filtered using a high capacity 0.45 µm filter in the field.  30 
Samples for δD and δ18O were collected in 30 ml high-density polyethylene bottles (HDPE).  The δ13C 31 
samples were collected in 125 ml HDPE bottles, and the 3H samples were collected in 1 l HDPE bottles. 32 
The samples were transported to the laboratory in an ice-filled cooler and stored at 4º C until analyzed. 33 
Samples taken for 14C analysis of DIC were collected in collapsible 20 l containers. A stir bar was placed 34 
in the container, which was evacuated in the field prior to being filled with water. Filtered water samples 35 
were directly passed into the evacuated container using thick-walled Tygon tubing connected to the 36 
container’s spigot valve.  The Tygon tubing and spigot valve were purged with the pumped water through 37 
a small opening in the valve prior to filling the container.  The direct connection to the sample container 38 
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minimized degassing and contact with atmospheric carbon dioxide.  These samples were too large for 1 
refrigeration in the laboratory and were processed as quickly as possible (within 48 hours) for 14C analysis. 2 
 3 
Analyses 4 
The analytical methods used are similar to those described in Hackley et al (2010).  The dissolved CH4 5 
concentration in the groundwater samples was determined by analyzing the composition of the gas bubble 6 
from the 4-liter size collapsible container and using a best-fit polynomial for CH4 solubility between 0 and 7 
30º C (Dean 1992) to calculate the concentration of CH4 (Hackley et al. 2010).  The volume of water was 8 
determined by subtracting the full and empty weights of the collapsible sample containers.  By the time the 9 
sample was returned to the laboratory, the dissolved gases had equilibrated to atmospheric pressure and 10 
come out of solution, making a bubble inside the container. The gas samples were extracted from the 11 
containers the same day collected using an appropriate size graduated syringe and needle. Prior to extracting 12 
the gas, the needle and dead space at the end of the syringe was filled with saturated sodium sulfate solution 13 
in order to minimize air contamination of the groundwater samples and prevent dissolution of the gas 14 
sample into the solution while in the syringe. The gas sample was extracted by pushing the needle directly 15 
through the plastic collapsible container and drawing the gas bubble into the syringe. The quantity of gas 16 
extracted was measured using the graduated marks on the syringe, and was pushed into a previously 17 
evacuated glass vial fitted with a septum.  The gas samples were then analyzed on a gas chromatograph 18 
(GC). 19 
 20 
Stable isotopic analyses conducted for this project included the δ18O and δD of the groundwater and δ13C 21 
of the DIC. The δ18O and δD isotopic analysis of the water samples were determined by Wavelength-22 
Scanned Cavity Ring-Down Spectroscopy (WS-CRDS) (Gupta 2008). The δ13C of DIC was determined 23 
using a gas evolution technique as described in Hackley et al (2010). For the δ13CDIC approximately 10 ml 24 
of water was pushed into an evacuated vial containing 100% phosphoric acid and a stir bar. The CO2 25 
evolved from the groundwater sample was cryogenically purified using a vacuum system and sealed into a 26 
Pyrex break tube for isotopic analysis. The δ13C was determined on a dual inlet ratio mass spectrometer.  27 
Each sample was directly compared to an internal laboratory standard calibrated versus an international 28 
reference standard. The final results are reported versus the international reference standards. The δD and 29 
δ18O results are reported versus the international Vienna-Standard Mean Ocean Water (V-SMOW) 30 
standard. The δ13C results are reported versus the Vienna-PeeDee Belemnite (V-PDB) reference standard.  31 
Analytical reproducibility for δD, δ18O, and δ13C is equal to or less than ±1.5 per mil (‰), ±0.25 ‰, and 32 
±0.15 ‰ respectively. 33 
 34 
Radioisotope analyses completed for this project were 3H on the groundwater and 14C on the DIC, using the 35 
same procedures as described in Hackley et al. (2010). The 3H analyses were determined by the electrolytic 36 
enrichment process (Östlund and Dorsey 1977) and liquid scintillation counting method. The electrolytic 37 
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enrichment process involved the distillation, electrolysis and purification of the 3H enriched water samples. 1 
The precision for the tritium analyses reported for project is less than or equal to ±0.25 tritium units (TU). 2 
 3 
The 14C activity of the DIC was determined using conventional liquid scintillation counting techniques and 4 
corrected for δ13C compositions. The DIC was extracted from the groundwater samples by acidification – 5 
the released CO2 was quantitatively collected on a vacuum line. The CO2 from acidification was 6 
cryogenically purified and converted to benzene following the procedure outlined by Coleman (1976). The 7 
14C activity was measured using the liquid scintillation spectrometry technique developed by Noakes et al. 8 
(1965 and 1967).  The 14C concentrations are reported as percent modern carbon (pMC) relative to the 9 
National Institute of Standards and Technology (NIST) reference material (Oxalic Acid #1). By convention, 10 
95% of the activity of Oxalic Acid #1 is defined as 100 pMC, hypothetically equivalent to the 14C activity 11 
of 1950. 12 
 13 
 14 
ISOTOPIC RESULTS 15 
The twenty samples taken from new groundwater monitoring wells were analyzed during this project for 16 
their isotopic composition and methane content (table 15-2). Included in table 15-1 are data from four 17 
additional monitoring wells located in Champaign, Ford, and Vermillion Counties (fig. 15-1) sampled for 18 
a previous study, results reported in Hackley et al. (2010), are used in this project to calibrate the 19 
calculations of groundwater age. The δ18O and δD in water sampled from the new monitoring wells ranged 20 
between -6.5 and -7.8 ‰ and -41.2 and -49.6 ‰, respectively. There were no differences in these observed 21 
contents between deposits of sand and gravel assigned to the Glasford, Pearl, and Banner Formations. The 22 
δ13CDIC values for these water samples varied significantly from +2.2 to -12.7 ‰ (table 15-1). The more 23 
positive δ13C values were measured in water samples with substantial CH4 concentrations.  Tritium was 24 
only detected in three of the new monitoring wells, which were screened in deposits of sand and gravel 25 
assigned to Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1). In comparison, tritium was 26 
detected water samples from three of the four monitoring wells installed during a previous project that was 27 
inserted into these analyses. One monitoring well was screened in deposits of sand and gravel assigned to 28 
the Ashmore Tongue, Henry Formation (geologic mapping unit 8WI). The other wells are screened in the 29 
deposits of sand and gravel assigned to Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1) 30 
(tables 15-1 and 15-2). Tritium values ranged between 0.73 and 7.66 TU. These groundwater samples also 31 
contained the greatest 14CDIC activities. The 14C activities from water collected in all the wells ranged from 32 
a high of 77 pMC to a low of 5.7 pMC (table 15-1). The greatest 14C activity, greater than 53 pMC, were 33 
measured in groundwater sampled from wells screened in deposits of sand and gravel assigned to the 34 
Ashmore Tongue, Henry Formation and the Unnamed unit 1, Glasford Formation (geologic mapping units 35 
8WI and 6IL1, respectively) (tables 15-1 and 15-2).  Surprisingly, the lowest 14C activity (5.7 pMC) was 36 
measured in groundwater collected in a monitoring well screened in deposits of sand and gravel assigned 37 
to Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1) (tables 15-1 and 15-2). In boreholes 38 
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nearby (e.g., MW4), this deposit stratigraphically overlies deposits of sand and gravel assigned to the Pearl 1 
and Banner Formations (geologic mapping units 8IL, 8PIL1, and 8PIL2) (table 8-1).    2 
 3 
 4 
DISCUSSION OF ISOTOPE RESULTS AND 14C AGE DATING 5 
The δD and δ18O isotopic compositions of groundwater sampled from the project area agree with previous 6 
measurements in groundwater from the Mahomet Sand Member, Banner Formation (geologic mapping 7 
units 8PIL1 and 8PIL2) and results from the overlying, shallower deposits of sand and gravel assigned to 8 
the Pearl, Glasford, and Henry Formations (geologic mapping units 8IL, 6IL1, and 8WI, respectively). The 9 
trend of δ18O and δD follow the global meteoric water line (GMWL) (fig. 15-2) and fall in the same range 10 
of values as present day precipitation; for Illinois, the yearly weighted mean for δ18O ranges between -4 11 
and -8 ‰ (Clark and Fritz 1997). The stable isotope data indicate very little, if any older water remnant 12 
from the Quaternary glaciations is present in these aquifers, similar results observed by Hackley et al. 13 
(2010). Thus, these isotopic compositions place an upper limit for the age of groundwater at approximately 14 
11,000 years ago. 15 
 16 
Many of the groundwater samples collected in the project area contained measureable amounts of methane 17 
(table 15-1). Some of the highest concentrations of methane were found in monitoring wells screened in 18 
deposits of sand and gravel assigned to Unnamed unit1, Glasford Formation (geologic mapping unit 6IL1). 19 
The methane in these water-bearing materials is likely produced from microbial methanogenesis via CO2-20 
reduction (cf. Hackley et al 2010). In the coarse-grained glacial deposits and some of the shallower bedrock 21 
units of the Paleozoic strata in Illinois, and elsewhere throughout North America, methanogenesis is a 22 
relatively common process where CH4 is present (Meents 1960; Coleman et al. 1988; Hackley et al. 1992; 23 
Simpkins and Parkin 1993; Aravena and Wassenaar 1993; Martini et al. 1998). The predominant process 24 
for microbial methane generation in confined aquifers (e.g., where deposits of sand and gravel lie between 25 
clay-rich aquitard materials, is by CO2 reduction (Schoell 1988; Coleman et al. 1988). During CO2 26 
reduction, methanogens preferentially utilize carbon-12 (12C) to produce methane, and 13C becomes 27 
enriched in the remaining pool of dissolved carbon dioxide (CO2).  Thus, as microbial methane generation 28 
proceeds, the δ13CDIC in an aquifer increases. This affect can be seen in the groundwater samples from this 29 
project area; an increase in δ13CDIC was observed with increasing concentrations of CH4 (fig. 15-3).  30 
 31 
Methanogenesis occurs in conjunction with other fermentation reactions that breakdown large complex 32 
organic compounds into simpler molecules such as fatty acids, carbon dioxide, protons, and hydrogen 33 
(Klass 1984). The microbial degradation of organic carbon and methane generation influence not only δ13C 34 
and the concentration of DIC, but the 14C activity as well. For example, degradation of geologically old 35 
(>50,000 years) sedimentary organic matter to CO2 would add carbon that is free of detectable 14C activity. 36 
Thus, the 14C activity of DIC would generally decrease with increasing microbial methane production. 37 
Several investigations of groundwater present under anaerobic conditions and containing methane have 38 
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described the impacts of methanogenesis on hydrogeochemistry, and the resulting difficulties involved in 1 
dating this groundwater (Barker et al. 1979; Chappelle et al. 1985; Grossman et al. 1989; Arevana et al. 2 
1995a). The greatest concentration of CH4 was measured in borehole CHAM-08-01 containing a 3 
monitoring well screened in a deposit of organic-rich silty sand. The CH4 concentration of this sample is to 4 
some degree questionable because bubbles were observed in the Tygon tubing during sample collection, 5 
which could have resulted in measured CH4 concentration that is higher than is actually present. 6 
 7 
The initial source of DIC for groundwater in temperate climatic zones is soil CO2 and dissolution of 8 
carbonate minerals in the unsaturated or ‘vadose’ zone. As the groundwater infiltrates downward to the 9 
water table, equilibrium with soil/atmospheric CO2 ceases. Once the soil CO2 is no longer in equilibrium 10 
the DIC, radioactive decay begins. The transformation of 14C follows the radioactive decay law, which 11 
relates the initial and measured radioactivity of the 14C to its half-life and the amount of time that has passed 12 
since the carbon sample was cut off from equilibrium with soil/atmospheric CO2.   The age of the 13 
groundwater is calculated using the following equation: 14 
 15 
t = (5730/ln2) * (ln(Ao/A)) 16 
 17 
where t is the time in years between the initial groundwater input (for this project it is estimated from the up-gradient 18 
(initial) well) and extraction from the down-gradient (final) well. Ao is the initial radioactivity, and A is the measured 19 
14CDIC activity of the final well.  20 
 21 
However, additional DIC may be added to the groundwater when moving through the subsurface by the 22 
dissolution of carbonate minerals and breakdown of organic material. In order to accurately date 23 
groundwater from measurement of 14C activity of DIC, the raw data must be corrected for the different 24 
sources and sinks of carbon that influence the total DIC that were encountered as the groundwater 25 
infiltration into the monitoring well (Aravena et al, 1995; Hackley, 2002).   26 
 27 
Typically, it is assumed that carbonate minerals do not contain14C. The inputs from the breakdown of 28 
organic material will depend on the age of the buried organic matter. The age of the organic matter found 29 
in deposits of sand and gravel assigned to the Glasford, Pearl and Banner Formations are interpreted to be 30 
greater than 50,000 years old, and thus would not contain any measurable 14C activity. Thus, the initial 31 
radioactivity (Ao) of the DIC must be adjusted in order to account for the dilution of 14C activity by the 32 
dissolution of carbonate minerals and the breakdown of organic matter. For this project, the geochemical 33 
computer program NETPATH (Plummer et al. 1996; Parkhurst and Charlton 2008) was used to calculate 34 
the age of groundwater from 14C activity of the DIC.   35 
 36 
NETPATH is interactive geochemical modeling software program that allows the user to estimate the 37 
possible inputs and outputs of different mineral phases that may be responsible for changes in the chemical 38 
and isotopic composition of groundwater between an initial well (or set of initial wells) and a final well. 39 
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Although the recharges in the project area have not been mapped, the wells chosen for the initial (up-1 
gradient) wells typically contained tritium and/or had relatively elevated 14CDIC activity (>53 pMC). Often, 2 
groundwater containing 3H and elevated 14CDIC activity is sampled in wells located closer to areas of surface 3 
recharge as compared to wells down-gradient containing groundwater with no detectable 3H and low 14CDIC 4 
activity. It is assumed that the up-gradient groundwater with 3H and elevated 14CDIC activity has not been 5 
affected by water-rock interaction or redox reactions as compared to deeper confined groundwater 6 
containing no detectable 3H and relatively lower 14CDIC activity (i.e. < 50 pMC).  Therefore, conventional 7 
fixed-equation 14C correction models such as, Ingerson and Pearson (1964), Fontes and Garnier (1979), and 8 
Eichinger (1983), are used by NETPATH to recalculate initial Ao values in the up-gradient wells. These 9 
models take into consideration the exchange of carbon in the near surface soil zone, dilution of DIC due to 10 
the dissolution of carbonate minerals, and isotopic exchange with carbonate minerals in inorganic mineral-11 
water systems. The modeler may use either the actual measured 14C activity as a baseline in the initial well 12 
or one of the calculated Ao values from these fixed equations. 13 
 14 
Alternatively, a user defined Ao value, based on other parameters such as tritium content may be used as a 15 
starting point from which to correct for water-substrate interactions (i.e., mineral or organic phases) as 16 
calculated by NETPATH to determine the final, non-decayed activity value. The software accepts the 17 
chemistry of the groundwater from the initial well and uses geochemical mass-balance reactions to estimate 18 
the likelihood that minerals will be dissolved or precipitated to produce the chemical composition in the 19 
final well measured. The user initially enters constraints, which are typically elements such as C, Ca, Mg, 20 
Na, etc., allowing the balancing of chemical composition between the two selected wells. Constraints may 21 
also be inputted as part of the redox state (RS) computation for the solution or specific isotopes 22 
measurements of the water samples. The RS also includes the electron transfer in oxidation-reduction 23 
reactions that are included in the model. Certain phases are then selected that are expected for the change 24 
in chemistry and isotopic composition from the initial well to the final well. The most important phases, 25 
from the standpoint of radiocarbon dating, are those that contain carbon, such as carbonates and organic 26 
carbon. Based on the constraints and phases selected, an isotopic mass balance is then calculated that 27 
includes the amount of carbon added and removed as different phases are dissolved or precipitated from 28 
solution. Once the chemical composition of the final well is obtained, NETPATH subsequently calculates 29 
the corrected, non-decayed initial activity value referred to as And. The And value is used to calculate the 30 
travel time of the groundwater between the initial well and final well. If the initial well selected is screened 31 
in a shallower, near-surface aquifer materials, and contains tritium or is predicted to contain modern carbon 32 
based on conventional 14C correction models, the travel time to the final well is considered the final 33 
estimated age of the groundwater. If an age for groundwater in the initial can be calculated, then the age of 34 
the water from the initial well would need to be added to the estimated age water from the final well. 35 
 36 
The resultant equation would be: 37 
 38 
t = tinitial + 8266.6 * (ln(And/A)) 39 
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 1 
where And is the adjusted 14C activity of the DIC accounting for the chemical reactions that are determined 2 
to have occurred as water flowed between the initial and final wells that may affect the 14C activity (not 3 
including radioactive decay). 4 
  5 
 6 
AGE OF WATER BASED ON TRITIUM AND 14C-CORRECTIONS 7 
The 3H results were used to determine where in the project area recharge of modern water to the aquifers 8 
ma have occurred. Tritium is produced naturally in the atmosphere by high-energy cosmic rays that interact 9 
with nitrogen molecules, and subsequently combines with oxygen and hydrogen to form water (3H1HO) 10 
molecules. The resultant water molecules containing tritium are dispersed throughout the atmosphere and 11 
removed through precipitation. The tritium has a half-life of 12.4 years. Once the water is removed from 12 
the atmosphere and is no longer in equilibrium with the continuous process of generating tritium, the 13 
concentration of tritium decreases by one half. Thus, tritium is very useful for determining whether recharge 14 
of water from the surface to aquifers has occurred with the past 50 years or so. Prior to the atmospheric 15 
testing of nuclear weapons, the tritium concentration in the atmosphere was approximately 5–10 TU (Payne 16 
1972). During the development of nuclear weapons in the early 1950’s, atmospheric testing increased the 17 
concentrations of tritium in the atmosphere to several hundred and sometimes thousands of TU, depending 18 
upon the geographic location. Atmospheric testing of nuclear weapons peaked in 1962, after which the 19 
majority of atmospheric testing ended. Since 1963 there has been a continuous decrease in the tritium 20 
concentration of the atmosphere. Detectable measurements of tritium in groundwater (>0.8 to 1 TU) 21 
indicates the aquifer had been recharged to some degree by modern water, or in other words, water that has 22 
fallen as precipitation since the early 1950s.Today most groundwater has <10 TU (Clark and Fritz 1997). 23 
 24 
 For determining the age of the groundwater using NETPATH, the monitoring wells containing tritium and 25 
elevated 14C activities from this project area and from Hackley (2002) were used as the initial (up-gradient) 26 
wells (table 15-3). The three, fixed equation models presented earlier, as well as an equation with a user 27 
defined Ao value (based on the results of several shallow wells that had elevated 14C values but no tritium 28 
activity) were used to calculate an initial Ao value necessary to determine the ages of groundwater using 29 
NETPATH software. The constraints used in the NETPATH software to model the inputs and outputs for 30 
this project were the elements C, Ca, Mg, Na, Si, Fe and S, and the RS. The mineral phases used to help 31 
determine the inputs and outputs of carbon, as well as the other geochemical constraints used in the 32 
modelling are typically calcite, dolomite, siderite, organic carbon (CH2O), goethite, hematite, Fe(OH)3, 33 
albite, anorthite, quartz, pyrite, and ion exchange. The monitoring wells selected for thee analyses and to 34 
define the constraints for modeling the groundwater chemistry using NETPATH software are provided in 35 
table 15-4.  Also, table 15-4 includes the inputs (dissolution) and outputs (precipitation) of the different 36 
phases in the models. Often, multiple solutions were generated from the model’s constraints and mineral 37 
phases. When multiple solutions resulted, the predicted δ13C were used to determine which solutions best 38 
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fit the observed data. The isotopic compositions Ao, And, and 14C ages calculated using the NETPATH 1 
software and the original δ13C measurements for comparison are provided in table 15-3. The travel time 2 
calculated from the initial well (or nearby multiple wells) was determined using the And along with the 3 
measured activity for the final well. In most cases, more than one solution appeared to be reasonable, 4 
therefore a range of ages are reported. 5 
 6 
The median 14CDIC corrected ages of groundwater from deposits of sand and gravel assigned to the Mahomet 7 
Sand Member, Banner Formation (geological mapping unit 8PIL1 and 8PIL2) ranged between ~440 and 8 
~5350 radiocarbon years before present (14C yrs. B.P.) (table 15-4). The median age of groundwater from 9 
deposits of sand and gravel assigned to the Pearl Formation (geologic mapping unit 8IL) ranged between 10 
~1100 and 4,040 14C yrs. B.P. Groundwater sampled from monitoring wells screened in deposits of sand 11 
and gravel assigned to Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1) ranged from 12 
nearly modern to ~6,100 14C yrs. B.P. Water samples from the three monitoring wells screened in deposits 13 
of sand and gravel assigned to Unnamed unit 1, Glasford Formation (geologic mapping unit 6IL1) contained 14 
tritium concentrations (table 15-1), and thus were assigned modern ages (<60 years old). All of these ages 15 
are consistent with the δ18O and δD data, which indicate the groundwater sampled from sediments over the 16 
MBV have been recharged under climatic conditions similar to the present (i.e., the Hudson Episode). The 17 
four samples of groundwater having the oldest calculated ages also contained the highest methane 18 
concentrations. Some of the ages calculated for groundwater sampled from deposits of sand and gravel 19 
lying stratigraphically above the Mahomet Sand Member, Banner Formation were determined to be older, 20 
suggesting that some aquifers in the project area are more hydrologically isolated than others.  21 
 22 
The groundwater samples with the oldest radiocarbon ages were taken from monitoring wells installed in 23 
boreholes CHAM-07-04A and CHAM-07-04B, MW6, and CHAM-08-01 (table 15-3). In three of the 24 
boreholes (CHAM-07-04A, CHAM-07-04B, and MW6,) the geological information indicates that there are 25 
thick clay-rich aquitards that separate the aquifers from the land surface. For example, deposits of sand and 26 
gravel from which groundwater was sampled in boreholes CHAM-07-04B and MW6 are overlain by 27 
continuous layers of diamicton (till) and stratified sediments that is >30 m in thickness (table 15-2). The 28 
groundwater sampled from borehole CHAM-08-01also had one of the oldest calculated ages and highest 29 
CH4 concentrations (tables 15-1 and 15-3). Even though the well is screened in diamicton (till) of the Banner 30 
Formation, thicker deposits of sand and gravel than in the other 3 boreholes (tables SV1 and 15-2) were 31 
encountered above the screened interval. The measurement of CH4 concentration should be regarded as 32 
preliminary because the gas appeared to come out of solution prior to being put into the sample container. 33 
Thus, the corrections made on this sample are in question. The diamicton (till) that this well is screened has 34 
a dark brown color and contains fragments of organic material. This diamicton directly overlies an alluvial 35 
deposit containing organic-rich silt and peat (see cross-section E-E´, Plate 1) that contains organic material 36 
>620,000 years old (fig. 2-8), which would obviously dilute the 14C concentration during methanogenic 37 
reactions.   38 
 39 
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Most groundwater samples without tritium that subsequently had calculated relatively young ages were 1 
sampled from monitoring wells installed in boreholes that were located near major rivers and streams in 2 
Champaign County (e.g., PIAT-07-02B, CHAM-07-06A, CHAM-07-06B, CHAM-08-09A, and CHAM-3 
08-02A;l table 2-1). These wells are screened in deposits of sand and gravel assigned to Unnamed unit 1, 4 
Glasford Formation (geologic mapping unit 6IL1), Pearl Formation (geologic mapping unit 8IL), and 5 
Mahomet Sand Member, Banner Formation (geologic mapping units 8PIL1 and 8PIL2) (table 2-1 6 
 7 
CONCLUSIONS 8 
The groundwater ages measured from deposits of sand and gravel in the project area reflect the geological 9 
heterogeneity of the Quaternary-age deposits. The age of the groundwater deposits comprising the 10 
Mahomet aquifer is quite variable depending on location. Some of the groundwater from the shallower 11 
aquifers in the Glasford and Pearl Formations (geologic mapping units 6IL1 and 8IL, respectively) appear 12 
to be hydrologically more isolated from potential surface recharge as compared to the deeper aquifer 13 
composed of the Mahomet Sand Member, Banner Formation (geologic mapping units 8PIL and 8PIL2).  14 
The total range of 14C groundwater ages calculated for the Mahomet aquifer in the project area varied from 15 
a low of approximately 60 to a high of nearly 7500 14C yrs. B.P. The median 14CDIC ages of groundwater 16 
for the Mahomet aquifer ranged from ~440 to ~5350 14C yrs. B.P. Most of the younger groundwater ages 17 
calculated for samples collected from monitoring wells in boreholes located near or in the vicinity of rivers 18 
and streams. Additional analyses and age calculations of groundwater sampled from the Henry, Glasford, 19 
Pearl, and Banner Formations need to be completed in Champaign County and the surrounding areas in 20 
order to develop a better model for where the major hydrological connections exist between the shallow 21 
and deeper aquifers. Because methanogenesis is an important process in changing that isotopic, measuring 22 
the CH4 concentration is important to help account for redox reactions that are involved during microbial 23 
CH4 production. These reactions significantly affect the chemical and isotopic composition of the 24 
groundwater including the 14C activity. 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
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Chapter 16 1 
Bedrock Geology Mapping 2 
W. John Nelson 3 
 4 
STRUCTURAL SETTING 5 
During the Pennsylvanian and Permian Periods, roughly 250 to 320 million years ago, bedrock of Illinois 6 
was deformed in response to tectonic stresses associated with the building of the Appalachian Mountains. 7 
A striking result of these stresses is the La Salle Anticlinorium, a belt of domes and anticlines (upward 8 
folds) extending north–northwest from near the Town of Lawrenceville to the City of La Salle in Illinois 9 
(Nelson 1995).  The La Salle fold belt enters Champaign County south of Pesotum and continues west of 10 
Champaign-Urbana through Mahomet to the northwest corner of Champaign County (fig. 10). It is 11 
remarkable that Champaign County, which has some of the flattest topography in the state, hosts some of 12 
the largest geologic structures in Illinois. Like the Mahomet Bedrock Valley, these structures have no 13 
surface expression. Although Horberg and Anderson (1956) and Johnson et al. (1986) suggest that the 14 
bedrock topography partially controlled the flow path of glacial lobes and the “lobate” shape of some 15 
moraines during the Wisconsin Episode glaciation. 16 
 17 
The large dome south of Pesotum is called the Tuscola dome (fig. 10).  Lying largely in Douglas County, 18 
the dome is about 25 miles long and 10 miles wide. Deep bedrock drilling in the area has been used to map 19 
the top of the underlying Ordovician-age Galena Dolomite drops, which drops approximately 2,500 feet 20 
from the crest of Tuscola dome to the base of its western flank, within a distance of 3 to 4 miles (Nelson 21 
1995). The other large structural uplift in the study area, the Mahomet dome, about 7 miles long and 6 miles 22 
wide. Structural relief here is nearly as great as on the Tuscola dome. On both domes, the western flank is 23 
much steeper than the eastern. 24 
 25 
 26 
BEDROCK STRATIGRAPHY 27 
Bedrock beneath Champaign County ranges in age from Precambrian to Pennsylvanian. Ordovician-age 28 
and older rocks are deeply buried. Silurian-age limestone, dolomite, and mudstone occur at the bedrock 29 
surface on structural highs near the Village of Pesotum and north of Town of Mahomet (fig. 10). Lower 30 
Devonian-age cherty dolomite and Middle Devonian-age dolomite surround the Silurian highs in both 31 
areas. Devonian-age rocks also are mapped at the bedrocks surface in the area underlying the Village of 32 
Fisher and City of Rantoul, extending northeastward into Ford County (fig. 10). 33 
 34 
The next youngest bedrock is the New Albany Shale, a unit of dark gray to black, silty shale of Late 35 
Devonian to Early Mississippian age. In eastern Champaign County, this unit is overlain by the 36 
Mississippian-age Borden Siltstone.  The Borden Siltstone is as much as 600 feet thick and comprised of 37 
calcareous shale, siltstone, and fine-grained sandstone deposited as a series of deltas (Lineback, 1966). In 38 
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western Champaign County, the Borden Siltstone is absent and its stratigraphic place is taken by the 1 
Burlington-Keokuk Limestone, a unit of light gray, very cherty limestone that accumulated on banks or 2 
shoals. The Bahama Banks is a modern analogue of this environment of deposition. 3 
 4 
Younger Mississippian-age rocks, mostly limestone with lesser sandstone and shale, underlie southwestern 5 
Champaign County. A major unconformity separates the Mississippian-age rocks from the overlying 6 
Pennsylvanian strata. Pennsylvanian-age rocks attain a maximum thickness of about 800 feet in the 7 
southwestern corner of the county. The Pennsylvanian-age rocks are primarily composed of gray shale, 8 
siltstone, and sandstone, with relatively thin, but continuous layers of limestone, black shale, and coal.   9 
 10 
 11 
NEW MAPPING 12 
Three bedrock cores obtained during this project substantially increase the known extent of coal resources 13 
in Champaign County. The boreholes are CHAM-03-01 and CHAM-09-01, and CHAM-09-04A (Table 1). 14 
In these boreholes a coal seam 4–5 feet thick identified as the Herrin Coal was encountered that is most 15 
important coal deposit currently being mined in Illinois. Each of the three boreholes lies at least 10 miles 16 
beyond the previously mapped limit of the Herrin Coal (Kolata 2005). These findings conservatively add 17 
tens of millions of tons of coal resources. 18 
 19 
In boreholes CHAM-09-05 and CHAM-09-06 continuous cores was recovered that contained basal 20 
Pennsylvanian-age strata overlying rocks of Mississippian-age.  The Mississippian-Pennsylvanian contact 21 
is a major unconformity (erosion surface) throughout Illinois and is a subject of both applied and research 22 
interests (e.g., Bristol and Howard 1971).  These three cores, along with several of the shorter cores, depict 23 
a major facies change within the Mississippian-age rocks. The change in facies is associated with the contact 24 
between the Burlington-Keokuk carbonate bank on the west and the Borden Siltstone delta on the east.  25 
Modern analogues to these deposits are, respectively, the modern Bahama Banks and offshore portions of 26 
the Mississippi River delta (Lineback 1966). 27 
 28 
These additional findings from the new drilling, particularly the cores showing coal far beyond its 29 
previously mapped limit, has accelerated the need to remap the bedrock geology of Champaign County. 30 
The value of new bedrock drilling goes well beyond providing site-specific information. By collecting 31 
geophysical logs in these boreholes, we can now correlate strata more accurately between boreholes that 32 
have only geophysical logs and no core and will assist geologists to more accurately map the bedrock 33 
geology in east-central Illinois. 34 
 35 
 36 
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Chapter 17 1 
Surficial Geology Mapping 2 
Andrew J. Stumpf 3 
 4 
INTRODUCTION 5 
As a derivative mapping product from 3-D geologic mapping for the ILAWC project, a preliminary surficial 6 
geology map of Champaign County and adjacent De Witt, Ford, Iroquois, McLean, Piatt, Vermilion 7 
Counties was constructed to assist the ISWS in identifying areas where sand and gravel is present at the 8 
land surface and are possible recharge areas to aquifers in the subsurface. The surficial geology map was 9 
developed from soil parent materials information provided by the United States Department of Agriculture 10 
(USDA). No field work was undertaken to verify the geologic materials in the mapping polygons, except 11 
in the Gifford USGS 7.5-minute Quadrangle. A separate, revised surficial geology map of the Gifford 12 
Quadrangle at a scale of 1:24,000 was published by Stumpf (2011).    13 
  14 
 15 
PREVIOUS WORK 16 
The surficial geology of Champaign County and adjacent areas has been described and mapped over the 17 
last century and a half. The earliest report of the surficial geology was by Worthen (1870) in a description 18 
of the geology in Illinois. Nearly 25 years later, Leverett (1899) undertook a more detailed investigation of 19 
the Pleistocene geology in Illinois, and named the Champaign Moraine (Leverett, 1897), and described the 20 
glacial geology. Savage (1931) includes a broad discussion of deposits of the Pleistocene Epoch in a report 21 
of the geology of Champaign County. A north–south cross section of Pleistocene deposits in the area is 22 
included in Horberg (1953). Anderson (1960) mapped the sand and gravel deposits in Champaign County. 23 
Additional research was conducted by Hooten (1972), McKay (1974), and Wickham (1976), and Johnson 24 
et al. (1986) mapped the surficial geology and revised the glacial history of Champaign, Ford, and McLean 25 
counties. Geologic materials to a depth of 20 feet were mapped in De Witt County by Hunt and Kempton 26 
(1977). Geologic materials were mapped to a depth 15 meters for the entire State of Illinois by Berg and 27 
Kempton (1988). A compilation of the geology in east-central Illinois formed part of a map of surficial 28 
materials for glaciated areas of the United States (Soller 1993). As a derivative mapping product from this 29 
project, the surficial geology of the Gifford Quadrangle was produced for a deliverable of the USGS’ 30 
National Cooperative Geologic Mapping Program, STATEMAP subprogram (Stumpf et al. 2011). 31 
Additional information on the surficial geology is available in analytical studies of glacial sediment 32 
published by Krumbein (1933), Wascher and Winters (1938), Newell (1954), Gaudette (1962), Willman et 33 
al. (1963), Kempton et al. (1971). 34 
 35 
 36 
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GLACIAL HISTORY 1 
The land-surface topography in Champaign County and the adjacent areas has been extensively been shaped 2 
by the action of water and ice during the Wisconsin Episode glaciation and later postglacial (Hudson 3 
Episode) period. The Lake Michigan Lobe of the Laurentide Ice Sheet entered northeastern Illinois about 4 
28,670 calibrated radiocarbon years ago (Hansel and McKay 2010). Before 23,030 calibrated radiocarbon 5 
years, the Decatur Sublobe of the Lake Michigan Lobe reached its maximum extent southward (Hansel and 6 
Johnson 1996; Curry et al 2011). This ice margin position is delineated by an end moraine located south of 7 
the project area (fig. 2-20).  8 
 9 
Advances and retreats of the sublobe margin have built a series of arcuate (broad and curved) to lobate 10 
moraines marking positions of ice margins and associated landforms of ice stagnation and melting. The 11 
arcuate moraines were constructed after regional ice-margin advances of the Laurentide Ice Sheet, whereas 12 
the lobate moraines are likely recessional moraines within the ice sheet that merge on the backside (up-13 
glacier) to the lower relief till plain (Johnson et al. 1986). The advance moraines have a steeper distal slope 14 
where mass wasting and localized fluvial or lacustrine activity occurred (Johnson and Hansel 1999). Rill-15 
like erosional patterns have formed on the up-glacier slopes of these moraines probably by surface water 16 
that flowed downslope onto adjacent low-relief plains forming lakes. The lakes later drained through outlets 17 
along the major river valleys. The surfaces of the moraines and up-glacier till plain appear to be more 18 
undulating or hummocky to the northeast of the Champaign and Urbana Moraines (fig. 17-1). This change 19 
in topography is interpreted to be related to the melting of stagnant ice.  20 
 21 
Glacial till composing the end moraines and till plains is classified to three lithostratigraphic units described 22 
in Hansel and Johnson (1996). The Yorkville Member till, a silty clay to silty clay loam diamicton is found 23 
in the northeastern part of the project area (fig. 17.2). Moraines and the till plains over the central part of 24 
the project area are composed diamicton classified to the Batestown Member till that in this area has a 25 
loamy texture (Wickham 1979a). This diamicton is commonly finer-grained on crest of hills (fig. 17-1), 26 
and in the subsurface contains lenses of lenses of sand, silt, gravel, and clay (Hansel and Johnson 1996). 27 
Southwest of the Batestown till boundary, the Tiskilwa Formation till composes the moraines and till plains. 28 
Wickham (1979a) found that the Tiskilwa Formation till is comprised of an upper facies consisting of a 29 
gray loam diamicton (Piatt Member) and (Willman and Frye 1970) identified a lower facies consisting of 30 
red gray to gray, clay loam to loam diamicton. 31 
 32 
Proglacial deposits of glaciofluvial and glaciolacustrine sediments present on the land surface in the project 33 
area accumulated in front of and between moraines. Meltwater flowing from melting glaciers deposited 34 
sand, gravel, and silt in front of the retreating ice margins. Outwash fans and plains formed proximal to the 35 
ice margin where meltwater flowed from the glaciers, whereas valley trains were created along well-defined 36 
valleys (fig. 17-3), such as the Sangamon River. Outwash plains are generally associated with advance and 37 
readvance end moraines as opposed to stagnation of ice margins (Johnson and Hansel 1999). Proglacial 38 
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lakes formed in low areas between the ice margin and older end moraines as the ice melted back from the 1 
last glacial maximum position (fig. 17-3). Silt, clay, and fine sand were deposited in these lakes, materials 2 
eroded from the surrounding slopes or carried by meltwater draining the watershed. As these lakes 3 
expanded in coverage and depth, the lake levels eventually overtopped low spots in the moraines to form 4 
new drainage patterns linked to major meltwater channels. 5 
 6 
Associated with the melting of glaciers, deposits composed of diamicton, silt and clay, or sand and gravel 7 
having an undulating to hummocky surface expression were formed in front of ice margins (fig. 2-31) and 8 
on the backside (up-glacier) part of some moraines. The diamicton was deposited by either debris flows 9 
that moved downslope off the ice front or as material melting out from debris-rich stagnant ice. Hummocky 10 
diamicton found on the up-glacier side of moraines probably was deposited from melting debris-rich ice 11 
that stagnated in place. Sand and gravel was deposited along the ice margin where meltwater drained from 12 
the glacier or down through the ice forming outwash plains and kames, respectively (fig. 2-31). Silt, clay, 13 
and fine sand were deposited in glacial lakes formed in depressions in outwash plains in front ice margins 14 
(kettle lakes) or on hummocky moraine where the local drainage was blocked by stagnant ice or sediment 15 
dams (fig. 2-31). Glaciolacustrine sediments also accumulated on the end moraines where debris-ice melted 16 
forming depressions that collected drainage. 17 
 18 
Following the melting glaciers and retreat of the ice margin northeastward towards Lake Michigan, drainage 19 
from the melting ice sheet flowed to the south and west cutting the modern valleys (fig. 17-1). The sand 20 
and gravel deposited in these valleys were the source of fine sand and silt that was picked up by winds and 21 
transported downwind and blanketed the local uplands with loess. The loess cover accumulated to a 22 
thickness of approximately 3–5 feet on the landscape. As the rivers downcut into the new valley fill, 23 
tributary streams were lengthened and incised. With the disappearance of glaciers and the return of warmer 24 
climate and reduced discharge and sediment load, the rivers began meandering in the oversized valley 25 
creating their modern channel, bars, natural levees, backwater lakes, and floodplain. 26 
 27 
 28 
SURFICIAL GEOLOGY MAP 29 
For this project, a preliminary surficial geology map for Champaign County and adjacent areas was 30 
compiled from soil-parent material data queried from a digital database provided by the United States 31 
Department of Agriculture (USDA) and results of previous geological studies and (fig. 17-2). The database 32 
accompanies soil surveys published for each county within the project area; Iroquois (Kiefer 1982), 33 
Champaign (Endres 2003), Ford (Calsyn 2004), McLean (Collman 2004), De Witt (Fehrenbacher 2008), 34 
Vermillion (Calsyn 2009), and Piatt (Cochran 2010). The mapping units differentiated on the surficial 35 
geology map correlate to the parent material of the lowest-most horizon (C-horizon) of each soil. 36 
The map was used by the ISWS to identity deposits of sand and gravel on the land surface that may be areas 37 
of recharge for the underlying aquifer units. 38 
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Chapter 18 1 
Geologic Mapping for a Water Quality Investigation in the Tolono Area, 2 
Champaign County 3 
Andrew J. Stumpf 4 
 5 
INTRODUCTION 6 
As a derivative mapping product from 3-D geologic mapping for the ILAWC project, a geologic cross 7 
section was constructed for the Tolono area in Champaign County to assist ISWS geochemists in 8 
determining the source of elevated concentrations of arsenic (As) in groundwater. This geologic 9 
information provided a better understanding the regional geology and led to an assessment of the aquifer 10 
materials in which many of the wells in the area are screened. In twenty four wells, arsenic concentrations 11 
in water samples taken from private wells were >10 μg L–1  (fig. 18-1; Kelly and Holm 2011); the United 12 
States Environmental Protection Agency’s (USEPA) Maximum Contaminant Level (MCL) for arsenic in 13 
public water supplies.  14 
  15 
 16 
GEOLOGIC MAPPING 17 
The Tolono area is located to the south of the Mahomet Bedrock Valley and therefore not underlain by 18 
deposits of sand and gravel that form the Mahomet aquifer. The geology of this area includes units of 19 
diamicton, silt and clay, and sand and gravel deposited during Quaternary glaciations and interglaciations 20 
spanning the period from the Wisconsin Episode to the pre-Illinois Episode. The oldest deposits, diamictons 21 
(tills) assigned to the Hillery and Harmattan Members of the Banner Formation (fig. 2-8), overlie siltstone 22 
and shale bedrock (fig. 18-2) that is Mississippian to Pennsylvanian in age (Kolata 2005). Remnants of an 23 
interglacial soil (Yarmouth Geosol) were encountered in the upper part of the diamictons assigned to 24 
geologic mapping unit 5PIL (fig. 2-18). 25 
 26 
These diamictons are overlain by discontinuous deposits of sand and gravel assigned to the Pearl Formation 27 
(subunit 8IL2) or diamicton (till) and/or silt and clay assigned to geologic mapping unit 5IL (fig. 18.2). 28 
Geologic mapping unit 5IL is overlain by materials assigned to Unnamed unit 1 of the Glasford Formation 29 
(subunit 6IL1). Deposits of sand and gravel are laterally discontinuous in the subunit. Remnants of a second 30 
interglacial soil (Sangamon Geosol) are present in the upper part of subunit 6IL. The paleosol is represented 31 
by clay layers in these materials that have an olive green to dark brown color. This subunit is overlain by 32 
85–110 feet of diamictons deposited during the Wisconsin Episode (fig. 18-2). The Tolono area is situated 33 
on relatively flat uplands of the Pesotum and West Ridge Moraines (fig. 17-1).     34 
 35 
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HYDROGEOLOGY 1 
The aquifers units in the Tolono area are an important source of groundwater for domestic and municipal 2 
water supplies. These aquifer units are composed of sand and gravel deposited during the Illinois Episode 3 
in front glaciers flowing into the area, and later in the glaciation when the glaciers stagnated and melted 4 
(see Chapter 2 for more detailed information about the glacial history). These deposits of sand and gravel 5 
units are typically <25 feet thick. 6 
 7 
There are also a number of large-diameter dug and bored wells constructed in the diamictons of the 8 
Wisconsin Episode. These wells are shallow (commonly <100 feet deep) and do not penetrate into materials 9 
assigned to the Glasford Formation. These wells collect groundwater that flows along thin beds of sand, 10 
gravel, and silt that are found in the diamictons. The availability of water supply in these wells is controlled 11 
by the depth of the water table.  12 
 13 
 14 
PRELIMINARY FINDINGS 15 
Elevated concentrations of arsenic in groundwater in the Tolono area may be in part controlled by natural 16 
sources in the geologic materials. Specifically, it is possible that the primary source of As originates from 17 
the reduction of iron (Fe) oxyhydroxide minerals (e.g., FeOOH) present in the glaciofluvial sediments 18 
(Kelly and Holm 2011). Arsenic concentrations in deposits of sand and gravel from the Pearl Formation 19 
over the Mahomet Bedrock Valley were 19.5 and 7.4 ppm (Table 18.1). These concentrations were higher 20 
than background concentration of 4.3 ppm measured in till from east-central Illinois (unpublished data). 21 
Previous studies in Illinois have reported arsenic concentrations in glacial sediments that range from 0.5–22 
47.7 ppm (Dixon-Warren and Stumpf 2010) and 3–8.5 μg/g or ppm (Warner 2001). 23 
 24 
The availability of organic matter in the subsurface is believed to be a factor affecting As solubility (Kelly 25 
and Holm 2011). The reduction of Fe oxyhydroxides in the presence of organic carbon causes the release 26 
of adsorbed As (cf. Kelly et al. 2005). Organic carbon may be present in soils developed in the diamictons 27 
deposited during the Illinois and pre-Illinois Episodes (e.g., Jacobs et al. 2009). Additional studies are 28 
required to determine the geochemistry of the deposits of diamicton and sand and gravel encountered in the 29 
area. 30 
 31 
 32 
 33 
 34 
 35 
 36 
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Chapter 19 1 
Describing Partially Accessible Outcrops along the Middle Fork of the 2 
Vermilion River, East-Central Illinois 3 
Christopher J. Stohr and Andrew J. Stumpf 4 
 5 
INTRODUCTION 6 
Geologic features exposed in outcrop along stream banks provide valuable insight into the composition, 7 
thickness, succession of units, lateral extent, and variability of deposits composing buried landforms and 8 
depositional sequences on floodplains. These outcrops are often short-lived, disconnected, and inaccessible. 9 
Even when accessible, considerable expense, safety issues, and logistical limitations may prohibit detailed 10 
description of the site. Close-range photogrammetry and terrestrial lidar may be used to remove these 11 
obstacles and produce 3-dimensional, geo-referenced imagery for measurements of geologic features in 12 
outcrop. 13 
 14 
Deposits of the Wisconsinan glaciation (tills of the Yorkville, Batestown and Tiskilwa Members of the 15 
Lemont Formation) and Illinoian glaciation (till of the Glasford Formation and associated meltwater 16 
sediments) are exposed at outcrops along a 3-kilometer stretch (river length) of the Middle Fork of the 17 
Vermilion River in east-central Illinois. Stereo photography and terrestrial lidar imagery were collected at 18 
four stream-bank exposures to allow the incorporation of remotely-sensed outcrop information into ongoing 19 
3-dimensional geologic mapping efforts. Features such as boulder pavements, incised channels, and 20 
structures resulting from subglacial deformation were imaged during field data collection.  Measurements 21 
were made of the elevations of unit contacts, material thicknesses, and lateral extent of facies that can be 22 
represented in 3-dimensions. 23 
 24 
Close range photogrammetry produces a 3-dimensional image which retains all of the microtopography and 25 
color contrast of an outcrop.  Contacts and features can be digitized as exposed and georeferenced 26 
coordinates can be calculated to represent these surfaces. In-situ sediment samples were collected to 27 
confirm and correct the mapping completed from the stereo photography. Repeated lidar imagery will be 28 
used to quantify sediment loss due to erosion of the outcrop over time. 29 
  30 
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Comparison of 2010 control points found in 2011 1 
Blue Hole 2 control points. Differences of 0.058 and 0.063 meters.  2 
Higginsville 1 control point. Difference of 0.049 meters, XYZ.  3 
Porter Cemetery 1 control point. Difference of 0.008 meters, XYZ 4 
 5 
Comparison of 2010 relative points found in 2011 6 
Higginsville, a bolt on downstream side, 0.369 meters. 7 
 8 
Location, survey comparison DCP1, m DCP2, m Relative DCP, m* 
Blue Hole 0.058 0.063  
Higginsville 0.049  0.37 
Porter Cemetery 0.008   
 9 
Comparisons (XYZ) were made using markers found on the two dates of surveys and image collection. 10 
Only a few markers on the outcrops survived from year to year. * Comparison of bolt found on downstream 11 
side not previously surveyed. 12 
  13 
Location, Photogrammetric  Comparison DCP1, m Relative D, m DCP2, 
m 
Relative D, m 
Blue Hole 2.69 0.07 5.65 0.14 
Higginsville 0.37 0.01 0.73 0.02 
Porter Cemetery 0.54 0.01   
 14 
 15 
Photogrammetric comparisons (XYZ) were made using natural features common to both dates of imagery 16 
which were few because of erosion and weathering.  17 
 18 
1. Thickness of Tiskilwa, Batestown  19 
a. Two Tiskilwa diamictons sometimes separated by a boulder pavement 20 
2. Persistence of Tiskilwa/Glasford sand 21 
a. Areal dimensions 22 
b. Thickness 23 
c. Variability of thickness 24 
d. Probably need a detailed geophysical survey to find it 25 
i. Likely not a reliable aquifer 26 
ii. Occurrence of sand lenses (buried streams) w/in the Glasford 27 
3. Elevation  28 
a. of Tiskilwa/Glasford contact 29 
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b. of Tiskilwa/Batestown contact 1 
c. of Vandalia Dm 2 
d.  3 
 4 
TO DO LIST 5 
Elevations of major units 6 
Elevations of boulder pavements 7 
 8 
Implications for engineering geology. 9 
 10 
Challenges the notion that “sand lenses” in glacial sediments are hit or miss. Unpredictable character of 11 
glacial sediments. The actual geology is unknown (implies that it cannot be known or predicted without 12 
substantial borings). 13 
 14 
We ‘knew’ these but lacked measurements because of inability to measure.  15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
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FUTURE WORK 12 
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FUTURE RESEARCH FOR THE MAHOMET AQUIFER 1 
The ISGS will continue to expend internal funds to study geology and hydrogeology of the Mahomet 2 
Bedrock Valley. From the drilling of new boreholes and installation of groundwater monitoring wells over 3 
the valley additional information will be collected that can assist further characterization of deposits 4 
comprising the Mahomet aquifer and advance the groundwater flow model. In addition, new geophysical 5 
surveys, both surface and downhole may be conducted to delineate more precisely the extent of the aquifer, 6 
the character of subsurface materials, and boundaries of bedrock valleys. To achieve these goals, new 7 
techniques or equipment will be required to collect these types of data. For Earth Electrical Resistivity 8 
surveys, alternative electrode array (pole-dipole array instead of the dipole-dipole array) will be used to 9 
obtain deeper penetration. For surface seismic surveys, external funding will be sought to support the 10 
development of a land streamer system capable of transmitting shear or S-waves deep into the bedrock. The 11 
current S-wave land streamer can provide very high resolution images of the near surface, but not capable 12 
of penetration deep enough to map the bedrock. Also, a new drill rig and tooling is required to maximize 13 
the efficiency of installing monitoring wells and improve the recovery of coarse-grained sediment. The drill 14 
rigs operated by the ISGS have almost reached their operational lifespan. 15 
 16 
In late 2009, the Mahomet Aquifer Consortium (MAC) sought information from the ISGS to develop a 17 
long-range strategy or research to improve the groundwater model in east-central Illinois. To achieve this 18 
goal, the ISGS recommended that further studies be undertaken to improve the geologic model used to 19 
develop the flow model. These studies would aid in improving our understanding of the geologic materials 20 
that comprise the Mahomet aquifer and its associated sediments. In all, ten projects were proposed: 21 
 22 
1) Compilation and dissemination of archived information. All available geological, geophysical, and 23 
hydrogeological  information for the  RWSPG area would be compiled into a digital database that 24 
would be connected to a new Internet interface to serve data to the public; 25 
 26 
2) Use watershed modeling to improve our understanding of groundwater-surface water linkages in 27 
east-central Illinois. Using available and detailed streamflow data, watershed GFLOW models 28 
would be developed to define areas of major surface water-groundwater linkages. This includes 29 
areas where streams are gaining or losing water; 30 
 31 
3) Water chemistry – Analyses of existing groundwater monitoring wells. Collect and analyze 32 
groundwater samples from the 40 groundwater monitoring wells installed in McLean, Piatt, 33 
Champaign, Ford and Vermillion Counties as part of the current IAW project. These data will assist 34 
in determining flow patterns in these areas; 35 
 36 
4) Regional geologic and hydrogeologic studies. Focused studies in six areas in the Mahomet aquifer 37 
region will include mapping the geology and installing groundwater monitoring wells.  The 38 
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mapping will be based on geologic coring, borehole geophysics, and geochemical analysis of 1 
groundwater. The six areas of study, shown in fig. FS are: 2 
1. Southwest Tazewell and northwest Logan Counties; 3 
2. The Kenney Bedrock Valley in southwest De Witt and eastern Logan Counties; 4 
3. Northern Macon County; 5 
4. Northern Vermillion County including the Danville and Onarga Bedrock Valleys; 6 
5. The Pesotum Bedrock Valley in Champaign County; 7 
6. The Middletown Bedrock Valley in Logan and Menard Counties. 8 
 9 
5) Cross-valley geologic and hydrogeologic studies. Intensive mapping of geologic materials 10 
encountered at the land surface and in the subsurface above bedrock is proposed along transects 11 
crossing the Mahomet Bedrock Valley and adjacent area to define the variability in the geology 12 
and hydrogeology. This mapping will be based on geologic coring, surface and borehole 13 
geophysics, and geochemical analysis of groundwater. The five areas proposed for mapping, shown 14 
in fig. FS are: 15 
A. Village of Kenney to the City of Clinton; 16 
B. Central Champaign County; 17 
C. Northern and central Champaign County; 18 
D. Allerton Park to the Village of Mansfield; 19 
E. Village of Burton View to Village of Heyworth. 20 
 21 
6)  Targeted groundwater surface water interaction studies. Characterize groundwater and surface 22 
water interactions along select stream reaches. These studies will involve installing nests of 23 
groundwater monitoring well and stream gauges, and conducting electrical earth resistivity surveys 24 
along portions of each stream reach. Four stream reaches have been identified for study: 25 
1. The Sangamon River between Fisher and Mahomet; 26 
2. The Sangamon River from Monticello to Friends Creek; 27 
3. The Middle Fork of the Vermillion River in northeastern Champaign and eastern Ford 28 
Counties; 29 
4. Crane Creek in Mason County. 30 
 31 
7) Further characterization of Illinois Episode deglacial-phase sediments. During the latter part of the 32 
Illinois Episode glaciation thick deposits containing stratified sequences of diamicton, sand and 33 
gravel, or silt and clay were laid down on the land surface under and in front of glaciers. These 34 
deposits were mapped in the project area, but similar deposits are expected to be present in other 35 
parts of east-central Illinois. These deposits contain aquifer materials that are correlated to the 36 
Upper Glasford aquifer, and groundwater extracted from this unit typically supports smaller 37 
capacity wells. Additional studies will be undertaken to determine the architecture and distribution 38 
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of the deposits. In the project area, the characterization of sediments composing these deposits is 1 
the focus of a master’s thesis at the University of Waterloo, Waterloo, Ontario; 2 
 3 
8) Airborne TEM survey for aquifer characterization. Time-domain EM (TEM) or (TDEM) involves 4 
generating an electromagnetic field which induces a series of currents in the earth at increasing 5 
depths over time. These currents, in turn, create magnetic fields. In this method, an EM pulse is 6 
generated and the decay of the induced current is measured over time (very short times). By 7 
measuring these magnetic fields, subsurface properties and features can be deduced at great depths. 8 
With the advance of high-speed electronics, the system can be mounted on a helicopter and very 9 
closely spaced measurements, nearly continuous, can be made. We propose to demonstrate the 10 
effectiveness of using an airborne system over a small survey area (12.5 miles by 2.5 miles wide) 11 
from the Sangamon River reach near Monticello to Friends Creek in conjunction with the study of 12 
interaction of surface and groundwater along that reach. The goal of the survey is to produce 13 
continuous measurements of the shallow variation in sand and clay, and identify locations that 14 
might be more likely to have interactions between surface water and groundwater; 15 
 16 
9) 3-D seismic survey for aquifer characterization. Conduct a 3-D seismic survey (6 miles long) to 17 
characterize the deposits of the Quaternary Period in northern Champaign County. This study will 18 
be a test of the applicability of conducting 3-D seismic data collection over the Mahomet aquifer. 19 
3-D seismic imaging collects information continuously through the subsurface within the bounds 20 
of the survey, whereas data collection in 2-D surveys is restricted to a within a short distance of the 21 
linear transects. Although 3-D seismic imaging in the shallow subsurface can be expensive and 22 
problems with the collection and processing of data have been experienced; 23 
 24 
10) Alternative geophysical methods for characterizing groundwater-surface water interactions. 25 
Evaluate alternative geophysical methods for characterizing groundwater and surface water 26 
interactions along one selected stream reach and compare the results to traditional methods. 27 
Alternative methods include ground water temperature, earth self-potential, and marine resistivity; 28 
 29 
11) Earth subsidence in the Champaign County. The drawdown of groundwater in the Mahomet aquifer 30 
has been measured over the last 60 years. The drop in groundwater levels measured in some areas 31 
of the Champaign area has exceeded 100 feet. Land subsidence from 4–12 inches is estimated as a 32 
result of this drawdown. As water levels are lowered further, more subsidence is possible. While it 33 
is not possible to directly measure past subsidence, this project will establish very accurate baseline 34 
elevation data of the land surface in Champaign County. Changes in land surface elevation would 35 
be measured over a five year period. 36 
 37 
12) Continued downhole logging in boreholes in east-central Illinois can provide additional 38 
information on the character of aquifer materials composing the Mahomet aquifer. Full waveform 39 
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sonic logging in combination with other methods such as spectral gamma, compensated density, 1 
and compensated neutron can provide information on the character and mineralogy of these 2 
materials. The inclusion of laboratory testing on these materials to determine their physical and 3 
hydraulic properties along with surface geophysical surveys will further improve our understanding 4 
of the geophysical responses in the subsurface. 5 
 6 
As part of a long-range plan for the Great Lakes Geologic Mapping Coalition (GLGMC) 3-D mapping 7 
program in the Central Great Lakes region (http://igs.indiana.edu/GreatLakesGeology/10YearPlan.cfm), 8 
the ISGS is scheduled to undertake a multi-year surficial and subsurface geologic mapping project over the 9 
central and eastern parts of the Mahomet Bedrock Valley between 2015 and 2020 (fig. FS). The GLCMC 10 
program is administered by the National Cooperative Geologic Mapping Program of the United States 11 
Geological Survey (USGS), but funding is provided to the participating states to conduct 3-D geologic 12 
mapping. The program emphasizes detailed geologic map products, at the quadrangle-map scale of 13 
1:24,000 (1 inch on the map represents 2,000 feet on the ground), including 3-D surficial geologic maps, 14 
as well as traditional surficial geologic maps. Geologic maps at this detailed scale are the optimum for 15 
addressing societal problems. The concurrent mapping of the Teays Bedrock Valley system in Indiana and 16 
Ohio, priority mapping areas in these states (fig. FS), will be encouraged to our Coalition partners to fully 17 
characterize this transboundary groundwater flow system.  18 
 19 
Surficial geologic mapping will be undertaken within USGS 7.5-minute quadrangles in Champaign County 20 
as part of the STATEMAP component of the National Cooperative Geologic Mapping Program. The 21 
priority of the STATEMAP program in Illinois is to map the geology encountered at the land surface at the 22 
detailed scale of 1:24,000. Derivative products such as cross sections showing the geology from land 23 
surface to the top of bedrock and digital grids of bedrock surface elevation are constructed as part of this 24 
mapping. Currently mapping is underway in the Gifford quadrangle (fig. FS) and map products will be 25 
delivered to the USGS in August 2011. The Rantoul quadrangle (fig. FS) is located in one of the ISGS’ 26 
high priority areas for mapping, and mapping in the quadrangle could begin in fiscal year 2012. 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
IAW Report 2007-02899  2012-02-20 
 
 
153 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
REFERENCES 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
IAW Report 2007-02899  2012-02-20 
 
 
154 
 
Alger, R. P., 1966, Interpretation of electric logs in freshwater wells in unconsolidated formations, in 1 
Transactions of the Society of Professional Well Log Analysts Seventh Annual Logging Symposium, 2 
Tulsa, OK, p. CCl–CC25. 3 
 4 
American Petroleum Institute, 1979, The API well number and standard state and county 5 
 numeric codes including offshore waters: American Petroleum Institute, Bulletin D12A, 136 p. 6 
 7 
Anderson, R. C., 1960, Sand and gravel resources of Champaign County: Illinois State Geological 8 
Survey, Circular 294, 15 p. 9 
 10 
Anderson M. P., J. S. Aiken, E. K. Webb, and D. M. Mickelson, 1999, Sedimentology and hydrogeology 11 
of two braided stream deposits: Sedimentary Geology, v. 129, no. 3-4, p. 187–199.  12 
 13 
Aravena, R., and L. I. Wassenaar, 1993, Dissolved organic carbon and methane in a regional confined 14 
aquifer, southern Ontario, Canada: Carbon isotope evidence for associated subsurface sources: 15 
Applied Geochemistry, v. 8, p. 483–493. 16 
 17 
Ashley, G. M., 1975, Rhythmic sedimentation in glacial Lake Hitchcock, Massachusetts- 18 
 Connecticut, in Jopling, A. V., and B. C. McDonald, eds., Glaciofluvial and glaciolacustrine 19 
 sedimentation: Society of Economic Paleontologists and Mineralogists Special Publication 20 
 23, p. 304–320. 21 
 22 
Ashley, G. M., 1989, Classification of glaciolacustrine sediments, in R. P. Goldthwait and C. L. Matsh, 23 
eds., Genetic classification of glacigenic deposits: Rotterdam, The Netherlands, Balkema, p. 243–24 
260. 25 
 26 
ASTM (American Society of Testing Materials), 1972, Standard method for particle-size analysis of soils, 27 
in Annual book of ASTM Standards: Philadelphia, Pennsylvania, ASTM D 422-63, p. 112–122. 28 
 29 
Atkinson, L. A., 2011, Subsurface analysis of Late Illinoian deglacial sediments in east-central Illinois, 30 
USA, and its implication for hydrostratigraphy: Waterloo, University of Waterloo, M.Sc. 31 
dissertation, 226 p. 32 
 33 
Balco G., and C. W. Rovey, II, 2010, Absolute chronology for major Pleistocene advances of the 34 
Laurentide Ice Sheet: Geology, v. 38, p. 795–798. 35 
 36 
Bays, G. A. , 1943, New developments in ground-water exploration: Journal of the American Water 37 
Works Association v. 35, no. 7, p. 911–917; Illinois State Geological Survey, Circular 98, 10 p. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
155 
 
Bays, G. A. and S. H. Folk, 1944, Developments in the application of geophysics to ground-water 1 
problems, in Proceedings, Fourth Annual Water conference, Engineers Society of Western 2 
Pennsylvania, p. 1–25; Illinois State Geological Survey, Circular 108, 25 p. 3 
 4 
Bentley, C. R., 1987, Antarctic ice streams: a review: Journal of Geophysical Research, v. 92, p. 8843–5 
8858. 6 
 7 
Berg, R. C., and J. P. Kempton, 1988, Stack-unit mapping of geologic materials in Illinois to a depth of 8 
15 meters: Illinois State Geological Survey Circular 542, 23 p., 1:250,000. 9 
 10 
Blankennagel, R. K., 1968, Geophysical logging and hydraulic testing: Pahute Mesa, Nevada Test Site: 11 
Ground Water, vol. 6, no. 4, p. 24–31. 12 
 13 
Bleuer, N. K., 2004, Slow-logging subtle sequences the gamma-ray log character of glacigenic and other 14 
unconsolidated sedimentary sequences: Indiana Geological Survey, Special Report 65, 39 p. 15 
 16 
Bleuer, N. K., 1991, The Lafayette Bedrock Valley system of Indiana: Concept, form, and fill 17 
stratigraphy, in Melhorn, W. H. and J. P. Kempton, eds., Geology and hydrogeology of the Teays-18 
Mahomet Bedrock Valley system: Boulder, Colorado, Geological Society of America, Special Paper 19 
258, p. 51–78. 20 
 21 
Bleuer, N. K., 1989, Historical and geomorphic concepts of the Lafayette Bedrock Valley System (so-22 
called Teays Valley) in Indiana: Indiana Department of Natural Resources, Geological Survey 23 
Special Report 46, 11 p. 24 
 25 
Bleuer, N. K., 1980, Correlation of pre-Wisconsinan tills of the Lake Michigan lobe and Huron-Erie lobe 26 
through the Teays Valley fill (abs.): Geological Society of America Abstracts with Programs, v. 12, 27 
no. 5, p. 219. 28 
 29 
Bleuer, N. K., 1976, Remnant magnetism of Pleistocene sediments of Indiana: Indiana Academy of 30 
Science Proceedings, v. 85, p. 277–294. 31 
 32 
Bleuer, N. K. 1967, Geology of the southeast quarter of the Shelbyville Illinois, quadrangle: Urbana-33 
Champaign, University of Illinois, M.Sc. dissertation, 140 p. 34 
 35 
Bleuer, N. K. and M. C. Moore, 1977, Basal till of so-called Kansan age in the Wabash Valley, Indiana: 36 
Geological Society of America (abs.): North-Central Section, Geological Society of America 37 
Abstracts with Programs, vol. 9, no. 5, p. 576–577. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
156 
 
Bleuer, N. K., W. N. Melhorn, and G. S. Fraser, 1982, Geomorphology and glacial history of the Great 1 
Bend area of the Wabash Valley, Indiana: North-Central Section, Geological Society of America 2 
Field Trip Guidebook, no. 2, 63 p. 3 
 4 
Bleuer, N. K., W. N. Melhorn, and R. R. Pavey, 1983, Interlobate stratigraphy of the Wabash Valley, 5 
Indiana: Midwestern Section, Friends of the Pleistocene Annual Field Conference Guidebook, 136 p. 6 
 7 
Bleuer, N. K., J. Olejnik, M. L. Dickson, G. M. Berry, R. Rupp, S. Brown, 2001, Indiana Statemap 2000–8 
central heartland: Westfield–Noblesville–Carmel–Fishers 7.5´ quadrangles: Contract report, United 9 
States Geological Survey, National Cooperative Geologic Mapping Program 00HQAG0054: Indiana 10 
Geological Survey, Bloomington, IN. 11 
 12 
Boulton, G. S., and A. S. Jones, 1979, Stability of temperate ice caps and ice sheets resting on deformable 13 
beds: Journal of Glaciology, v. 24, p. 29–43. 14 
 15 
Boyce, J. I. and N. Eyles, 2000, Architectural element analysis applied to glacial deposits: internal 16 
geometry of a Late Pleistocene till sheet, Ontario, Canada: Geological Society of America Bulletin, 17 
v. 112, p. 98–118. 18 
 19 
Bristol, H. M., and R. H. Howard, 1971, Paleogeologic map of the sub-Pennsylvanian Chesterian (Upper 20 
Mississippian) surface in the Illinois Basin: Illinois State Geological Survey, Circular 458, 14 p. 21 
 22 
Brockman, C. S., G. E. Larsen, R. R. Pavey, G. A. Schumacher, D. L. Shrake, E. R. Slucher, E. M. 23 
Swinford, and K. E. Vorbau, 2004, Shaded bedrock-topography map of Ohio: Ohio Division of 24 
Geological Survey, Digital Map Series BG-3, 1:500,000. URL: 25 
http://www.ohiogeologystore.com/browse.cfm/cdrom-shadedbedrock-topography/4,54.html, last 26 
accessed December 12, 2011.   27 
 28 
Brodzikowski, K., and A. J. van Loon, 1991, Glacigenic sediments: Amsterdam, The Netherlands 29 
Elsevier, Developments in Sedimentology 49, 688 p. 30 
 31 
Brown, S. E., N. K. Bleuer, M. A. O'Neal, J. R. Olejnik, and R. Rupp, 2000, Glacial terrain explorer: 32 
Indiana Geological Survey, Open-File Study 00-08. Includes a CD-ROM with standardized water-33 
well record database, report, data dictionary, and extensions for ArcView 3.x. 34 
 35 
Bryan, F. L., 1950, Application of electric logging to water well problems: Water Well Journal, vol. 4, no. 36 
1, p. 3-7. 37 
 38 
IAW Report 2007-02899  2012-02-20 
 
 
157 
 
Buhle, M. B., and J. E. Brueckmann, 1964, Electrical earth resistivity surveying in Illinois: Illinois State 1 
Geological Survey, Circular 376, 51 p. 2 
 3 
Burch, S. L., 2008, Development of an observation well network in the Mahomet aquifer of east-central 4 
Illinois: Illinois State Water Survey, Data/Case Study 2008-01, 111 p. 5 
 6 
Calsyn, D. E., 2004, Soil survey of Ford County, Illinois: United States Department of Agriculture, 7 
Natural Resources Conservation Service. 8 
http://soildatamart.nrcs.usda.gov/Manuscripts/IL053/0/ford_IL.pdf 9 
 10 
Calsyn, D. E., 2009, Soil survey of Vermilion County, Illinois: United States Department of Agriculture, 11 
Natural Resources Conservation Service. 12 
http://soildatamart.nrcs.usda.gov/manuscripts/IL183/0/Vermilion_IL.pdf 13 
 14 
Cant, D. J., 1992, Subsurface facies analysis, in facies models response to sea level change; in R.G. 15 
Walker and N. P. James, eds.: Geological Association of Canada, Geotext 1, p. 27–46. 16 
 17 
Carlson, A. E., D. M. Mickelson, S. M. Principat, and D. M. Chapel, 2005, The genesis of the northern 18 
Kettle Moraine, Wisconsin: Geomorphology, v. 67, no. 3-4, p. 365–374. 19 
 20 
Carrell, J. E., 2010, Create 2D and 3D geologic cross sections: Illinois State Geological Survey.  (includes 21 
user guide, tutorial data, and computer codes). URL: 22 
http://resources.arcgis.com/gallery/file/geoprocessing/details?entryID=C83CC388-1422-2418-7F10-23 
B4D3DF5F1EE6. 24 
 25 
Clark, I. and P. Fritz, 1997. Environmental Isotopes in Hydrogeology: Boca Raton, New York, Lewis 26 
Publishers, 328 p. 27 
 28 
Cochran, C. C., 2010, Soil survey of Piatt County, Illinois: United States Department of Agriculture, 29 
Natural Resources Conservation Service. 30 
http://soildatamart.nrcs.usda.gov/manuscripts/IL147/0/piatt.pdf 31 
 32 
Coe, R. S., B. S. Singer, M. S., Pringle, and X. Zhao, 2004, Matuyama-Brunhes reversal and Kamikatsura 33 
event on Maui: paleomagnetic directions, 40Ar/39Ar ages and implications: Earth and Planetary 34 
Science Letters, v. 222, p. 667–684. 35 
 36 
Coffey, G. N., 1961, Major preglacial, Nebraskan, and Kansan glacial advances in Ohio, Indiana, and 37 
Illinois: Ohio Journal of Science, v. 61, p. 295–313. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
158 
 
Cohen K. M., and P. Gibbard, 2011, Global chronostratigraphical correlation table for the last 2.7 million 1 
years: Cambridge, England, International Commission on Stratigraphy, Subcommission on 2 
Quaternary Stratigraphy. 3 
 4 
Colgan, P. M., D. M. Mickelson, and P. M. Cutler, 2003, Ice-marginal terrestrial landsystems: southern 5 
Laurentide Ice Sheet margin, in D. J. A. Evans, ed., Glacial Landsystems: London, England, Arnold, 6 
p. 111–142. 7 
 8 
Coleman, D. D., 1976, Isotopic characterization of Illinois natural gas: Urbana-Champaign, Ph.D. 9 
dissertation, University of Illinois, 175 p. 10 
 11 
Coleman, D. D., L. C. Liu, and K. Riley, 1988, Microbial methane in the shallow Paleozoic sediments 12 
and glacial deposits of Illinois, USA: Chemical Geology, v. 71, p. 23–40. 13 
 14 
Coleman M. L., T. J. Shepard, J. J. Durham, J. E. Rouse, and G. R. Moore, 1982, Reduction of water with 15 
zinc for hydrogen isotope analysis. Analytical Chemistry, v. 54, p. 993–995. 16 
 17 
 Collman, R. D., 2004, Soil survey of McLean County, Illinois: United States Department of Agriculture, 18 
Natural Resources Conservation Service. 19 
http://soildatamart.nrcs.usda.gov/Manuscripts/IL113/0/McLean_IL.pdf 20 
 21 
Corwin, R. F. and D. B. Hoover, 1979, The self-potential method in geothermal exploration: Geophysics 22 
vol. 44, no. 2, p. 226–245. 23 
 24 
Curry, B. B., 1989, Absence of Altonian glaciation in Illinois: Quaternary Research, v. 31, no. 1, p. 1–13. 25 
 26 
Curry, B. B., and L. R. Follmer, 1992, The last interglacial-glacial transition in Illinois—123–25 ka, in P. 27 
U. Clark and P. D. Lea, eds., The last interglacial-glacial transition in North America: Boulder, 28 
Colorado, Geological Society of America, Special Paper 270, p. 71–88. 29 
 30 
Curry, B. B., D. A. Grimley, and E. D. McKay III, 2011, Quaternary glaciations in Illinois (Chapter 37), 31 
in J. Ehlers, P.L. Gibbard and P.D. Hughes, eds., Developments in Quaternary Science, v. 15, 32 
Amsterdam, The Netherlands, Elsevier, p. 467–487. 33 
 34 
Dean, J. A., 1992, Lange’s Handbook of Chemistry, 14th edition: New York, McGraw-Hill, 1446 p. 35 
 36 
Digby A. J., 1997, A general guide to current geophysical borehole logging (for non-oil industry users). 37 
Privately published by the author and distributed by BEL Geophysical (Fugro), Chesterfield, United 38 
IAW Report 2007-02899  2012-02-20 
 
 
159 
 
Kingdom. URL: http://borehole-geophysics.co.uk/currentguide.html, last accessed February 15, 1 
2011. 2 
 3 
Dixon-Warren, A. B., and C. J. Stohr, 2003, Natural gamma-ray logging of Quaternary sediments: The 4 
Professional Geologist, v. 40, p. 2–5. 5 
 6 
Dixon-Warren, A. B., and A. J. Stumpf, 2010, Geochemistry of glacial sediments in Illinois and adjacent 7 
areas: Illinois State Geological Survey, Open File Series 2010-2, 12 p. with appendices A–J. URL: 8 
http://library.isgs.uiuc.edu/Pubs/pdfs/ofs/2010/ofs2010-02.pdf, last accessed, December 13, 2011. 9 
 10 
Doll, H. G., 1948, The SP log, theoretical analysis and principles of interpretation. Transactions AIME 11 
(American Institute of Mining, Metallurgical, and Petroleum Engineers), vol. 179, p.146–185. 12 
 13 
Doveton, J. H. and S. E. Prensky, 1992, Geological applications of wireline logs—A synopsis of 14 
developments and trend: The Log Analyst, v. 33, p. 286–303. 15 
 16 
 Dreimanis, A., 1962, Quantitative gasometric determination of calcite and dolomite by using Chittick 17 
apparatus: Journal of Sedimentary Petrology, v. 32, p. 520–529. 18 
 19 
Dreimanis, A., 1989, Tills: their genetic terminology and classification, in R. P. Goldthwait and C. L. 20 
Matsch, eds., Genetic classification of glacigenic deposits: Rotterdam, The Netherlands, Balkema, p. 21 
17–83.  22 
 23 
Drury, S. A., 1987, Image interpretation in geology: London, England, Allen and Unwin Press, 243 p. 24 
 25 
Dyck, J. H., W. S. Keys and W. A. Meneley, 1972, Application of geophysical logging to groundwater 26 
studies in southern Saskatchewan: Canadian Journal of Earth Sciences, vol. 9, no. 1, p. 78–94. 27 
 28 
Eastern Research Group, Incorporated, 1993, Subsurface characterization and monitoring techniques – A 29 
desktop reference guide, Volume 1: Solids and ground water, Appendices A and B: Prepared for 30 
United States Environmental Agency, 498 p. 31 
 32 
Ellis, D. V., 1986, Neutron porosity devices-what do they measure?: First Break, vol. 4, no. 3, p. 11–17. 33 
 34 
Ellis, D. V. and J. M. Singer, 2007, Neutron porosity devices, Chapter 14, in Well logging for earth 35 
scientists, 2nd Edition: Springer, Dordrecht, The Netherlands, p. 351–382. 36 
 37 
IAW Report 2007-02899  2012-02-20 
 
 
160 
 
Endres, T. J., 2003, Soil survey of Champaign County, Illinois: United States Department of Agriculture, 1 
Natural Resources Conservation Service. 2 
http://soildatamart.nrcs.usda.gov/Manuscripts/IL019/0/champaign_IL.pdf  3 
 4 
Engelhardt, H., N. Humphrey, B. Kamb, and M. Fahnestock, 1990, Physical conditions at the base of a 5 
fast moving Antarctic Ice Stream: Science, v. 248, p. 57–59. 6 
 7 
ESRI, 2009, ArcMap Release 9.3.1: Redlands, California, Environmental Systems Research Institute, 8 
Incorporated (ESRI). 9 
 10 
Evans, D. J. A., 2011, Glacial landsystems of Satujökull, Iceland: A modern analogue for glacial 11 
landsystem overprinting by mountain icecaps: Geomorphology, v. 129, no. 3-4, p. 225–237. 12 
 13 
Eyles, N., J. L. Boyce, and R. W. Barendregt, 1999, Hummocky moraine: sedimentary record of stagnant 14 
Laurentide Ice Sheet lobes resting on soft beds: Sedimentary Geology, v. 123, p. 163–174. 15 
 16 
Fehrenbacher, T. A., 2008, Soil survey of De Witt County, Illinois: United States Department of 17 
Agriculture, Natural Resources Conservation Service. 18 
http://soildatamart.nrcs.usda.gov/manuscripts/IL039/0/De_Witt_IL.pdf 19 
 20 
Fertl, W. H., 1979, Gamma ray spectral data assists in complex formation evaluation; The Log Analyst, v. 21 
20, no. 5, p. 3–37. 22 
 23 
Fertl, W. H., and G.V. Chilingar, 1988, Total organic carbon content determined from well logs: SPE 24 
Formation Evaluation, v. 3, no. 2, p. 407–419. 25 
 26 
Fidlar, M. M., 1943, The preglacial Teays Valley in Indiana: Journal of Geology, v. 51, p. 411-418. 27 
 28 
Finley, R. J., S. E. Greenberg, H. E. Leetaru, S. Marsteller, I. Krapac, S. M. Frailey, and E. Mehnert, 29 
2010, Demonstrating geologic sequestration in the Illinois Basin (abs.): Geological Society of 30 
America Abstracts with Programs, v. 42, no. 2, p. 52. 31 
 32 
Follmer, L. R., 1979, A historical review of the Sangamon soil, in Follmer, L. R., E. D. McKay, J. A.  33 
Lineback, and D. L. Gross, eds., Wisconsinan, Sangamonian, and Illinoian stratigraphy in central 34 
Illinois: Illinois State Geological Survey, Guidebook 13, p. 79–91. 35 
 36 
Follmer, L. R., 1983, Sangamon and Wisconsinan pedogenesis in the midwestern United States, in Porter, 37 
S. C., ed., The Late Pleistocene: Late-Quaternary environments of the United States, v. 1: 38 
Minneapolis, Minnesota, University of Minnesota Press, p. 138–144. 39 
IAW Report 2007-02899  2012-02-20 
 
 
161 
 
 1 
Follmer, L. R., E. D., III, McKay, J. A. Lineback, D. L. Gross, 1979, Wisconsinan, Sangamonian, and 2 
Illinoian stratigraphy in central Illinois: Illinois State Geological Survey, Guidebook 13, 139 p. 3 
 4 
Fontes, J. Ch. and J. M. Garnier, 1979, Determination of initial 14C activity of the total dissolved carbon: 5 
A review of the existing models and a new approach: Water Resources Research, v. 12, p. 399–413. 6 
 7 
Foster, J. W., and M. B. Buhle, 1951, An integrated geophysical and geological investigation of aquifers 8 
in glacial drift near Champaign-Urbana, Illinois: Economic Geology, vol. 46, no. 4, p. 367–397; 9 
Illinois State Geological Survey, Report of Investigations 155, 31 p. 10 
 11 
Fullerton, D. S., C. A. Bush, and J. N. Pennell, 2003, Surficial deposits and materials in the eastern and 12 
central United States (east of 102 degrees west longitude): United States Geological Survey, 13 
Geologic Investigations Series I-2789, 1:2,500,000. URL: http://pubs.usgs.gov/imap/i-2789/, last 14 
accessed November 4, 2011. 15 
 16 
Gaudette, H. E., 1962, Textural study of the Champaign, Urbana, and West Ridge end moraines in east- 17 
central Illinois: Urbana-Champaign, University of Illinois, M.Sc. dissertation, 39 p. 18 
 19 
Gerrie, V., S. Holysh, J. Boyce, S. Pullan, K. Blasco, and S. Collins, 2003, Borehole geophysics and its 20 
potential for mapping the geological framework of the Oak Ridges Moraine, southern Ontario: in 21 
Proceedings of the 56th Canadian Geotechnical Conference, Winnipeg, Manitoba. The Canadian 22 
Geotechnical Society, Richmond, B.C., 9 p. URL: http://www.ypdt-camc.ca/Portals/2/doc/IAH% 23 
202003%20Geophysics%20Paper.pdf, last accessed February 16, 2011. 24 
 25 
Goble, R. J., J. A. Mason, D. B. Loope and J. B. Swinehart, 2004, Optical and radiocarbon ages of 26 
stacked paleosols and dune sands in the Nebraska Sand Hills, USA: Quaternary Science Reviews, v. 27 
21, p. 1173–1182. 28 
 29 
Gosse, J. C., and F.M. Phillips, 2001, Terrestrial in situ cosmogenic nuclides: theory and applications: 30 
Quaternary Science Reviews, v. 20, no. 14, p. 1475–1560. 31 
 32 
Gray, H. H., 1982, Map of Indiana showing topography of the bedrock surface: Indiana Geological 33 
Survey Miscellaneous Map 36, 1:500,000. 34 
 35 
Gray, H. H., 1991, Origin and history of the Teays drainage system; The view from midstream, in 36 
Melhorn, W. H., and J. P. Kempton, eds., Geology and hydrogeology of the Teays-Mahomet 37 
Bedrock Valley system: Boulder, Colorado, Geological Society of America, Special Paper 258, p. 38 
43–50. 39 
IAW Report 2007-02899  2012-02-20 
 
 
162 
 
 1 
Gray, H. H., Held, D. A., Dintaman, C., and Sowder, K. H., 2003, Bedrock topography contours, Indiana: 2 
Indiana Geological Survey, 1:500,000. URL: 3 
http://inmap.indiana.edu/downloads/Bedrock_Topography_MM36_IN.zip, last accessed December 4 
12, 2011. 5 
 6 
Grimley, D. A. and A. C. Phillips, 2006a, New insights on possible origins of the “ridged-drift” in 7 
southwestern Illinois (abs.): North-Central Section, Geological Society of America, Abstracts with 8 
Programs, v. 38, no. 7, p. 236. 9 
 10 
Grimley, D. A., and A. C. Phillips, 2006b, Surficial geology of Madison County, Illinois: Illinois State 11 
Geological Survey, Illinois Preliminary Geologic Map, IPGM Madison County-SG, 1:100,000. 12 
 13 
Grimley, D. A., and A. C. Phillips (eds.), 2011, Ridges, mounds, and valleys: Glacial-interglacial history 14 
of the Kaskaskia basin, southwestern Illinois: Illinois State Geological Survey, Open File Series 15 
2011-1, 145 p 16 
 17 
Grimley, D. A., L. R. Follmer, R. E. Hughes, and P. A. Solheid, 2003, Modern, Sangamon and Yarmouth 18 
soil development in loess of unglaciated southwestern Illinois: Quaternary Science Reviews, v. 22, 19 
no. 2–4, p. 225–244. 20 
 21 
Gupta, P., D. Noone, J. Galewsky, C. Sweeney, and B. H. Vaughn, 2009, Demonstration of high-22 
precision continuous measurements of water vapor isotopologues in laboratory and remote field 23 
deployments using wavelength-scanned cavity ring-down spectroscopy (WS-CRDS) technology: 24 
Rapid Communication in Mass Spectrometry, v. 23, p. 2534–2542. 25 
 26 
Guyod, H., 1966, Interpretation of electric and gamma ray logs in water wells: Well Log Analyst, vol. 6, 27 
no. 5, p. 29–44. 28 
 29 
Guyod, H., 1957, Electric detective: investigation of groundwater supplies with electric well logs, part 1. 30 
Water Well Journal, v. 11, no. 3, p. 6. 31 
 32 
Guyod, H., 1944, Electric well logging: Oil Weekly, vol. 115, p. 1–13. 33 
 34 
Gwyn. Q. H. J., and A. Dreimanis, A., 1979, Heavy mineral assemblages in tills and their use in 35 
distinguishing glacial lobes in the Great Lakes region: Canadian Journal of Earth Sciences, v. 16, p. 36 
2219–2235. 37 
 38 
Hackley, K. C., C. L. Liu, and D. D. Coleman, 1992, 14C Dating of groundwater containing microbial 39 
IAW Report 2007-02899  2012-02-20 
 
 
163 
 
CH4: Radiocarbon, v. 34, no. 3, p. 686–695. 1 
 2 
Hackley, K. C., C. L. Liu and D. Trainor, 1999, Isotopic identification of the source of methane in 3 
subsurface sediments of an area surrounded by waste disposal facilities: Applied Geochemistry, v. 4 
14, p. 119–131. 5 
 6 
Hackley, K. C., S. V. Panno, and T. F. Anderson, 2010, Chemical and isotopic indicators of groundwater 7 
evolution in the basal sands of a buried bedrock valley in the midwestern United States: Implications 8 
for recharge, rock-water interactions, and mixing: Bulletin of the Geological Society of America 9 
122, v.7-8, p. 1047–1066. 10 
 11 
Hallberg, G. R., 1986, Pre-Wisconsinan glacial stratigraphy of the central plains region in Iowa, 12 
Nebraska, Kansas, and Missouri: Quaternary Science Reviews, v. 5, p. 11–15. 13 
 14 
Hallberg, G. R., and R. G. Baker, 1980, Reevaluation of the Yarmouth type area, in G. R. Halberg, ed., 15 
Illinoian and Pre-Illinoian stratigraphy of southeast Iowa and adjacent Illinois: Iowa City, Iowa, Iowa 16 
Geological Survey, Technical Information Series, no. 11, p. 111–150. 17 
 18 
Hambrey, M. J. and S. J., Fitzsimons, 2010, Development of sediment–landform associations at cold 19 
glacier margins, Dry Valleys, Antarctica: Sedimentology, v. 57, p. 857–882. 20 
 21 
Hansel, A. K., and W. H. Johnson, 1992, Fluctuations of the Lake Michigan lobe during the late 22 
Wisconsin subepisode, in Robertsson, A.-M., B. Ringberg, U. Miller, and L. Brunnberg, eds., 23 
Quaternary stratigraphy, glacial morphology and environmental changes: Uppsala, Sweden, 24 
Geological Survey of Sweden, Research Papers, SGU Series Ca 81, p. 133–144. 25 
 26 
Hansel, A. K., and W. H. Johnson, 1996, Wedron and Mason Groups: Lithostratigraphic reclassification 27 
of deposits of the Wisconsin Episode, Lake Michigan Lobe area: Illinois State Geological Survey, 28 
Bulletin 104, 116 p. 29 
 30 
Hansel, A. K. and E. D. McKay, III, 2010, Quaternary Period, in Kolata, D. R., and C. K. Nimz, eds., 31 
Geology of Illinois: Illinois State Geological Survey, p. 216–247. 32 
 33 
Harlan, J. D., 2001, Missouri digital elevation model data - a 60-meter resolution digital elevation model 34 
of the State of Missouri: Missouri Spatial Data Information Service. URL:  35 
http://www.msdis.missouri.edu/data/dem/index.html, last accessed December 12, 2011. 36 
 37 
IAW Report 2007-02899  2012-02-20 
 
 
164 
 
Heigold, P. C., V. L. Poole, K. Cartwright, and R. H. Gilkeson, 1985, An electrical earth resistivity 1 
survey of the Macon-Taylorville ridged-drift aquifer: Illinois State Geological Survey, Circular 533, 2 
23 p. 3 
 4 
Herron, S. L., 1991, In situ evaluation of potential source rocks by wireline logs, in Source and migration 5 
processes and evaluation techniques, R. K. Merrill ed.: American Association of Petroleum 6 
Geologists, Treatise of Petroleum Geology, Tulsa, Oklahoma, p. 127–134. 7 
 8 
Herzog, B. L., B. J. Stiff, C. A. Chenoweth, K. L. Warner, J. B. Sieverling, and C. Avery, 1994, Buried 9 
bedrock surface of Illinois, 3rd ed.: Illinois State Geological Survey, Illinois Map 5, 1:500,000. 10 
URL: 11 
http://www.isgs.uiuc.edu/nsdihome/browse/statewide/zips/IL_Bedrock_Topography_1994_Ln.zip, 12 
last accessed December 12, 2011. 13 
  14 
 15 
Herzog, B. L., S. D. Wilson, D. R. Larson, E. C. Smith, T. H. Larson, and M. L. Greenslate, 1995, 16 
Hydrogeology and groundwater availability in southwest McLean and southeast Tazewell counties: 17 
Part 1, Aquifer characterization: Illinois State Geological Survey, Cooperative Groundwater Report 18 
17, 70 p. 19 
 20 
Hesselbo, S. P., 1997, Spectral gamma-ray logs in relation to clay mineralogy and sequence stratigraphy, 21 
Cenozoic of the Atlantic margin, offshore New Jersey, in G. S. Mountain, K. G. Miller, P. Blum, C. 22 
W. Poag, and D. C. Twichell, eds.: Proceedings, Ocean Drilling Program, Scientific results, Leg 150: 23 
College Station, Texas, Ocean Drilling Program, p. 411–422. 24 
 25 
Hicock, S. R., and F. J. Kristjansson, 1989, Carbonate till as a soft bed for Pleistocene ice streams on the 26 
Canadian Shield north of Lake Superior: Canadian Journal of Earth Sciences, vol. 26: 2249–2254. 27 
 28 
Hooke, R. LeB., and C. E. Jennings, 2006, On the formation of the tunnel valleys of the southern 29 
Laurentide ice sheet: Quaternary Science Reviews v. 25, p. 1364–1372. 30 
 31 
Hooten, J. E., 1972, Glacial geology of eastern Champaign County, Illinois: Urbana-Champaign, 32 
University of Illinois, M.Sc. dissertation, 59 p. 33 
 34 
Horberg, C. L., 1945, A major buried valley in east-central Illinois and its regional relationships: The 35 
Journal of Geology, v. 53, p. 349–359. 36 
 37 
Horberg, C. L., 1950, Bedrock topography of Illinois: Illinois State Geological Survey, Bulletin 73, 111 p. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
165 
 
Horberg, C. L., 1953. Pleistocene deposits below the Wisconsin drift in northeastern Illinois: Illinois State 1 
Geological Survey Report of Investigations 165, 61 p. 2 
 3 
Horberg, C. L., and R. C. Anderson, 1956, Bedrock topography and Pleistocene glacial lobes in central 4 
United States; Journal of Geology, v. 64, no. 2, p. 101–116. 5 
 6 
Hughes, R. E., D. M. Moore and H. D. Glass, 1994, Qualitative and quantitative analysis of clay minerals 7 
in soils, in Amonette, J. E., and L.W. Zelazny, eds., Quantitative methods in soil mineralogy: 8 
Madison, Wisconsin, Soil Science Society of America Miscellaneous Publication, p. 330–359. 9 
 10 
Hubbert, M. K., 1934, Results of earth-resistivity surveys in various geologic structures in Illinois: AIME 11 
Transactions v. 110, p. 9–29. 12 
 13 
Hunt, C. S., and J. P. Kempton, 1977, Geology for planning in De Witt County, Illinois: Illinois State 14 
Geological Survey, Environmental Geology Notes 83, 42 p. 15 
 16 
Hunter, J. A., S. E. Pullan, R. A. Burns, R. L. Good, J. B. Harris, A. Pugin, A. Skvortsov, and N. N. 17 
Gorianinov, 1998, Downhole seismic logging for high-resolution reflection surveying in 18 
unconsolidated overburden: Geophysics, v. 63, p. 1371–1384. 19 
 20 
Hutchinson, M. F., 1989, A new procedure for gridding elevation and stream line data with automatic 21 
removal of spurious pits: Journal of Hydrology, v. 106, p. 209–232. 22 
 23 
Illinois State Geological Survey 1994, Buried bedrock surface of Illinois: Illinois State Geological 24 
Survey, Illinois Map 5, 1:500,000. 25 
 26 
Ismail, A. M., K. A. Kontar, E. C. Smith, A. C. Phillips and A. J. Stumpf, 2009, Misleading interpretation 27 
of shallow seismic methods: Three case studies from MASW, P-wave reflection and S-wave 28 
reflection surveys: in Proceedings of the Symposium on the Application of Geophysics to 29 
Engineering and Environmental Problems (SAGEEP), Fort Worth, TX, vol. 22, p. 20–29. 30 
 31 
Jacobs, A. M., and J. A. Lineback, 1969, Glacial geology of the Vandalia, Illinois, region: Illinois State 32 
Geological Survey, Circular 442, 24 p. 33 
 34 
Jacobs, P. M., M. E. Konen, and B. B. Curry, 2009, Pedogenesis of a catena of the Farmdale-Sangamon 35 
Geosol complex in the north central United States: Palaeogeography, Palaeoclimatology, 36 
Palaeoecology, v. 282, no. 1–4, p. 119–132. 37 
 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
166 
 
Jia, K., 2011, Sedimentology of the Vandalia Member till of the penultimate glaciation in  1 
central Illinois and implications on the hydrostratigraphy: Waterloo, University of Waterloo, B.Sc. 2 
dissertation, 42 p.  3 
 4 
Jones, P. H. and H. E. Skibitzke, 1956, Subsurface geophysical methods in ground-water hydrology, in 5 
Advances in Geophysics, no. 3. Academic Press, New York, NY, p. 248–257. 6 
 7 
Johnson, C. D., J. H. Williams, and L. J. Williams, 2005, Hydraulic logging methods - A summary and 8 
field demonstration in Conyers, Rockdale County, Georgia, in Proceedings of the 2005 Georgia 9 
Water Resources Conference, K. J. Hatcher, ed.: Institute Ecology, The University of Georgia, 10 
Athens, Georgia, 6 p. URL: http://www.gwri.gatech.edu/uploads/proceedings/2005/JohnsonC.pdf, 11 
last accessed February 17, 2011. 12 
 13 
Johnson, C. D., F. P. Haeni, J. W. Lane, and E. A. White, 2002, Borehole-geophysical investigation of the 14 
University of Connecticut landfill, Storrs, Connecticut: United States Geological Survey, Water 15 
Resources Investigations Report 01-4033, 187 p. 16 
 17 
Johnson, W. H., 1964, Stratigraphy and petrography of Illinoian and Kansan drift in central Illinois: 18 
Illinois State Geological Survey, Circular 378, 38 p. 19 
 20 
Johnson, W. H., 1971, Old glacial drift near Danville, Illinois: Illinois State Geological Survey, Circular 21 
457, 16 p. 22 
 23 
Johnson, W. H., 1986, Stratigraphy and correlation of the glacial deposits of the Lake Michigan Lobe 24 
prior to 14 ka B.P.: Quaternary Science Reviews, v. 5, p. 17–22. 25 
 26 
Johnson, W. H. and N. K. Bleuer, 1980, Quaternary geology of east-central Illinois and west-central 27 
Indiana, in Fraser, G. S., ed., Great Lakes Section, Society of Economic Paleontologists and 28 
Mineralogists Field Trip Guidebook: Indiana Geological Survey, p. 45–58.  29 
  30 
Johnson, W. H., and A. K. Hansel, 1999, Wisconsin Episode glacial landscape of central Illinois: A 31 
product of subglacial deformation processes?, in Mickelson, D. M., and J. W. Attig, eds., Glacial 32 
processes past and present: Boulder, Colorado, Geological Society of America, Special Paper 337, p. 33 
121–135. 34 
 35 
Johnson, W. H., D. L. Gross, and S. R. Moran, 1971, Till stratigraphy of the Danville region, east-central 36 
Illinois, in Goldthwait, R. P., ed., Till—A Symposium: Columbus, Ohio, Ohio State University 37 
Press, p. 184–216. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
167 
 
Johnson, W. H., D. W. Moore, and E. D. McKay, III, 1986, Provenance of late Wisconsinan 1 
(Woodfordian) till and origin of the Decatur sublobe, east-central Illinois: Geological Society of 2 
America Bulletin, v. 97, no. 9, p. 1098–1105. 3 
 4 
Johnson, W. H., L. R. Follmer, D. L, Gross, and A. M. Jacobs, 1972, Pleistocene stratigraphy of east-5 
central Illinois: Illinois State Geological Survey, Guidebook 9, 97 p. 6 
 7 
Johnson, W. H., A. K. Hansel, E. A. Bettis, III, P. F. Karrow, G. J. Larson, T. V. Lowell, and A. F. 8 
Schneider, 1997, Late Quaternary temporal and event classifications, Great Lakes region, North 9 
America: Quaternary Research, v. 47, no. 1, p. 1–12. 10 
 11 
Jopling, A. V., and B. C. McDonald, 1975, Glaciofluvial and glaciolacustrine sedimentation: Tulsa, 12 
Oklahoma: Society of Economic Paleontologists and Mineralogists, Special Publication 23, 320 p. 13 
 14 
Jørgensen, F., and P. B. E. Sandersen, 2008, Mapping of buried tunnel valleys in Denmark: new 15 
perspectives for the interpretation of the Quaternary succession: Geological Survey of Denmark and 16 
Greenland, Bulletin 15, p. 33–36. 17 
 18 
Kearey, P. and M. Brooks, 1991, An introduction to geophysical exploration: Blackwell Scientific 19 
Publications, Oxford, England, 254 p. 20 
 21 
Kehew, A.E. and M. L. Lord, 1986, Origin and large scale erosional features of glacial lake spillways in 22 
the northern Great Plains: Geological Society of America Bulletin v. 97, 162–177. 23 
 24 
Kelly, W. R., and T. R. Holm, 2011, Arsenic in Groundwater in the Tolono Region: Illinois State Water 25 
Survey, Miscellaneous Report 196, 28 p. 26 
 27 
Kelly, W. R., T. R. Holm, S. D. Wilson, and G. S. Roadcap, 2005, Arsenic in glacial aquifers: sources and 28 
geochemical controls: Ground Water, v. 43, no. 4, p. 500–510. 29 
 30 
Kempton, J. P., and R. C. Berg, 1995, Distribution, thickness and age of early Quaternary (Pre-Illinoian) 31 
lithostratigraphic sequence in east-central Illinois (abs.): Geo1ogical  Society of America Abstracts 32 
with Programs, v. 27, no. 6, p. 58. 33 
 34 
Kempton, J. P., and B. L. Herzog, 1996, Mapping the Mahomet Sand and other aquifers of DeWitt and 35 
Piatt Counties: Illinois State Geological Survey, Open File Series 1996-9, 13 p. 36 
 37 
IAW Report 2007-02899  2012-02-20 
 
 
168 
 
Kempton, J. P., and A. P. Visocky. 1992, Regional groundwater resources in western McLean and eastern 1 
Tazewell Counties with emphasis on the Mahomet Bedrock Valley: Illinois State Geological Survey 2 
and Illinois State Water Survey Cooperative Groundwater Report 13, 41 p. 3 
 4 
Kempton, J. P., P. B. DuMontelle, and H. D. Glass, 1971, Subsurface stratigraphy of the Woodfordian 5 
tills in the McLean County region, Illinois, in Goldthwait, R. P., ed., Till—A Symposium: 6 
Columbus, Ohio, Ohio State University Press, p. 217–233. 7 
 8 
Kempton, J. P., W. H. Johnson, P. C. Heigold, and K. Cartwright, 1991, Mahomet Bedrock Valley in 9 
east-central Illinois: Topography, glacial drift stratigraphy, and hydrogeology, in Melhorn, W. H., 10 
and J. P. Kempton, eds., Geology and hydrogeology of the Teays-Mahomet Bedrock Valley system: 11 
Boulder, Colorado, Geological Society of America, Special Paper 258, p. 91–124. 12 
 13 
Keys, W. S., 1997, A practical guide to borehole geophysics in environmental investigations: USA, CRC 14 
Press, Incorporated, 176 p. 15 
 16 
Keys, W. S., 1990, Borehole geophysics applied to ground-water investigations: in Techniques of water 17 
resources investigations: United States Geological Survey, Book 2, Chapter E2, 150 p. 18 
 19 
Keys W. S., and A. R. Boulogne, 1969, Well logging with Californium-252: Transactions of the Society 20 
of Professional Well Log Analysts, 10th Annual Well Logging Symposium, Houston, Texas, p. P1–21 
P25; The Log Analyst, vol. 10, no. 6, p. 11–24. 22 
 23 
Kiefer, L. M., 1982, Soil survey of Iroquois County, Illinois: United States Department of Agriculture, 24 
Natural Resources Conservation Service. 25 
http://soildatamart.nrcs.usda.gov/manuscripts/IL075/0/Iroquois.pdf. 26 
 27 
Killey, M. M., 2007, Illinois’ ice age legacy: Illinois State Geological Survey, Geoscience Education 28 
Series, v. 14, 74 p. 29 
 30 
Kolata, D. R., 2005, Bedrock geology of Illinois: Illinois State Geological Survey, Illinois Map 14, 31 
1:500,000. 32 
 33 
Krüger, J., K. H. Kjær, and A. Schomacker, 2009, Dead-ice environments: A landsystems model for a 34 
debris-charged stagnant lowland glacier margin, Kötlujökull, in: A. Schomacker, J. Krüger and K. H. 35 
Kjær, eds., The Mýrdalsjökull ice cap, Iceland: glacial processes, sediments and landforms on an 36 
active volcano: Amsterdam, The Netherlands, Elsevier, Developments in Quaternary Science, v. 13, 37 
p. 105–126. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
169 
 
Krumbein, W. C., 1933, The textural and lithological variations in glacial till: Journal of Geology, v. 41, 1 
p. 382–408. 2 
 3 
KYDGI, 2007, Statewide hillshade: Kentucky Division of Geographic Information. URL: 4 
ftp://ftp.kymartian.ky.gov/kyraster/hillshade.zip, last accessed December 12, 2011. 5 
 6 
Laberg, J. S., R. S. Eilertsen, and T. O. Vorren, 2009, The paleo–ice stream in Vestfjorden, north Norway, 7 
over the last 35 k.y.: Glacial erosion and sediment yield: Geological Society of America Bulletin, v. 8 
121, p. 434–447.  9 
 10 
Larson, D. R., B. L. Herzog, and T. H. Larson, 2003, Groundwater geology of DeWitt, Piatt, and 11 
Northern Macon Counties, Illinois: Illinois State Geological Survey, Environmental Geology 155, 35 12 
p. 13 
 14 
Larson, T. H., 2000, Results of geophysical studies in the Farmer City–Mansfield Area, Piatt and DeWitt 15 
Counties, Illinois: Illinois State Geological Survey, Open File Series 2000-4, 14 p. 16 
 17 
Leighton, M. M., 1959, Stagnancy of the Illinoian glacial lobe east of the Illinois and Mississippi Rivers: 18 
Journal of Geology, v. 67, no. 3, 337–344. 19 
 20 
Leighton, M. M., and J. A. Brophy, 1961, Illinoian glaciation in Illinois: Journal of Geology, v. 69, no. 1, 21 
1–31. 22 
 23 
Leverett, F., 1897. The Pleistocene features and deposits of the Chicago area: Chicago Academy of 24 
Science, Bulletin 2, 86 p. 25 
 26 
Leverett, F., 1899, The Illinois glacial lobe: United States Geological Survey, Monograph 38, p. 223–240. 27 
 28 
Lineback, J. A., 1966, Deep-water sediments adjacent to the Borden Siltstone (Mississippian) delta in 29 
southern Illinois: Illinois State Geological Survey, Circular 401, 48 p. 30 
 31 
Loke, M. H., and R. D. Barker, 1996, Rapid least-squares inversion of apparent resistivity pseudosections 32 
using a quasi-Newton method: Geophysical Prospecting, v. 44, p. 131–152. 33 
 34 
Mallet J. L., 1992, gOcad: A computer-aided design program for geological applications, in K. Turner, 35 
ed., Three-dimensional modeling with geoscientific information systems; Dordrecht, Holland, 36 
Kluwer Academic Publishers, Proceedings of the NATO Advanced Research Workshop, Advanced 37 
Studies Institute (ASI) Series C, no. 354, p. 123–141. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
170 
 
Mallet J. L., 2002, Geomodeling: New York, New York, Oxford University Press, p. 139–198. 1 
 2 
Manos, C., 1961, Petrography of the Teays-Mahomet Valley deposits: Journal of Sedimentary Petrology, 3 
v. 31, p. 456–466. 4 
 5 
Martini, A. M., L.M. Walter, J.M. Budai, T.C.W. Ku, C.J. Kaiser, and M. Schoell, 1998,  Genetic and 6 
temporal relations between formation waters and biogenic methane:  Upper Devonian Antrim Shale, 7 
Michigan Basin, USA: Geochimica et Cosmochimica Acta, v. 62, no. 10, p. 1699–1720. 8 
 9 
Mason, J. A., 2001, Transport direction of Peoria Loess in Nebraska and implications for loess sources on 10 
the central Great Plains: Quaternary Research, vol. 56, p. 79–86. 11 
 12 
McArthur S. A. Q., D. Allen, and R. Luzitano, 2010, Resolving scales of aquifer heterogeneity using 13 
ground penetrating radar and borehole geophysical logging: Environmental Earth Sciences, p.1-13. 14 
URL: http://www.springerlink.com/content/t84401170m87291l/fulltext.pdf, last accessed on 15 
February 16, 2011. 16 
 17 
McKay, E. D., III, 1974, Stratigraphy of glacial tills in the Gibson City Reentrant, central Illinois: 18 
Urbana-Champaign, University of Illinois, M.Sc. dissertation, 59 p. 19 
 20 
McKay, E. D., III, R. C. Berg, A. K. Hansel, T. J. Kemmis, and A. J. Stumpf, 2008, Quaternary deposits 21 
and history of the Ancient Mississippi River Valley, north-central Illinois: Illinois State Geological 22 
Survey, Guidebook 35, 106 p. 23 
 24 
Meents, W. F., 1960, Glacial-drift gas in Illinois: Illinois State Geological Survey, Circular 292, 58 p. 25 
 26 
Mehnert, E., K. C. Hackley, D. R. Larson, and S. V. Panno, 1999, The role of hydraulic, chemical, and 27 
biological factors in the decline of specific capacity in the western Champaign well field: A 28 
preliminary investigation: Illinois State Geological Survey, Open File Series 1999-5, 48 p. 29 
 30 
Melhorn, W. H., and J. P. Kempton, eds., Geology and hydrogeology of the Teays-Mahomet Bedrock 31 
Valley system: Boulder, Colorado, Geological Society of America, Special Paper 258, 128 p. 32 
 33 
Meyer, S. C., G. S. Roadcap, Y. F. Lin, and D. D. Walker, 2009, Kane County water resources 34 
investigations: Simulation of groundwater flow in Kane County and northeastern Illinois. Illinois 35 
State Water Survey, Contract Report 2009-07, 425 p. 36 
 37 
IAW Report 2007-02899  2012-02-20 
 
 
171 
 
Meyer, W. R., 1962, Use of a neutron moisture probe to determine the storage coefficient of an 1 
unconfined aquifer, in Geological Survey Research 1962: United States Geological Survey, 2 
Professional Paper 450-E, p. E174–E176. 3 
 4 
Miller, B. B., P. Reed, J. E. Mirecki, and W. D. McCoy, 1992, Fossil molluscs from pre-Illinoian 5 
sediments of the buried Mahomet Valley, central Illinois: Current Research in the Pleistocene, v. 9, 6 
p. 117-118. 7 
 8 
Miller, B. B., R. W. Graham, A.V. Morgan, N. G. Miller, W. D. McCoy, D. F. Palmer, A. J. Smith, and J. 9 
J. Pilny, 1994, A biota associated with Matuyama-age sediments in west-central Illinois: Quaternary 10 
Research, v. 41, no. 3, p. 350–365. 11 
 12 
Mount Sopris Instruments, Inc., 2002a, 2PEA-1000 2PEA-1000/F PolyElectric probes manual: Mount 13 
Sopris Instruments Company Incorporated, Golden, Colorado, 16 p. 14 
 15 
Mount Sopris Instruments, Inc., 2002b, 2PGA-1000 Poly- Gamma probe manual: Mount Sopris 16 
Instruments Company Incorporated, Golden, Colorado, 13 p. 17 
 18 
Mount Sopris Instruments, Inc., 2002c, 2PIA-100 Poly Induction probe, 2EMA-1000 Conductivity Probe 19 
(2EMB-1000 and 2EMC-1000) EMP-2493 and EMP-4493 manual: Mount Sopris Instruments 20 
Company Incorporated, Golden, Colorado, 19 p. 21 
 22 
Mount Sopris Instruments, Inc., 2002d, Fluid Resistivity/ Temperature Probe Models: 2PFA-1000, 2SFA-23 
1000, 2SFB-1000, 2WQA-1000, 2WQB-1000, 2WQC-1000 manual: Mount Sopris Instruments 24 
Company Incorporated, Golden, Colorado, 11 p. 25 
 26 
Noakes J. E., S. M. Kim, and J. J. Stipp, 1965, Chemical and counting advances in liquid scintillation 27 
radiocarbon dating: Pullman, WA, Proceedings of the 6th International Conference on Radiocarbon 28 
and Tritium Dating, Conf-650652, p. 68–98. 29 
 30 
Noakes J. E., S. M. Kim, and L. K. Akers, 1967, Recent improvements in benzene chemistry for 31 
radiocarbon dating: Geochimica et Cosmochimica Acta, v. 13, p. 1094-1096. 32 
 33 
Norris, S. E., 1972, The use of gamma logs in determining the character of unconsolidated sediments and 34 
well construction features: Groundwater, vol. 10, no. 6, p. 14–21. 35 
 36 
Nelson, W. J., 1995, Structural features in Illinois: Illinois State Geological Survey, Bulletin 100, 144 p. 37 
 38 
IAW Report 2007-02899  2012-02-20 
 
 
172 
 
Newell, H. A., 1954, Size analysis of tills from some east-central Illinois moraines: Urbana-Champaign, 1 
University of Illinois, M.Sc. dissertation, 19 p. 2 
 3 
Oches E. A., and W. D. McCoy, 2001, Historical developments and recent advances in amino acid 4 
geochronology applied to loess research: Examples from North America, Europe, and China: Earth 5 
Science Reviews, v. 54, p. 173–192. 6 
 7 
Ontario Geological Survey, 2006, Bedrock geology of Ontario: Ontario Geological Survey, 8 
Miscellaneous Release–Data 126 - Revision 1, 1:250,000. 9 
 10 
Ostlund, H. G., and H. G. Dorsey, 1977, Rapid electrolytic enrichment and hydrogen gas proportional 11 
counting of tritium, in Low-radioactivity measurements and applications: Proceedings of the 12 
International Converence on Low-Radioactivity Measurements and applications, The High Tatras, 13 
Czechoslovakia, Slovenske Pedagogicke Nakladatelʼstvo, Bratislava, p. 55–60. 14 
 15 
Panno, S. V., K. C. Hackley, E. Mehnert, D. R. Larson, D. Canavan, and T. C. Young, 2005, Declining 16 
specific capacity of high-capacity wells in the Mahomet Aquifer: mineralogical and biological 17 
factors: Illinois State Geological Survey, Circular No. 566, 51 p. 18 
 19 
Parkhurst, D. L. and S. R. Charlton, 2008, NetpathXL-an Excel interface to the program NETPATH: 20 
United States Geological Survey, Techniques and Methods 6-A26, 11 p. 21 
 22 
Patten, E. P. and G. D. Bennett, 1963, Application of electric and radioactive well logging to groundwater 23 
hydrology: United States Geological Survey, Water-Supply Paper 1544-D, 60 p. 24 
 25 
Patterson, C. J., 1998, Laurentide glacial landscapes: The role of ice streams: Geology, v. 26, p. 643–646. 26 
 27 
Payne, B. R., 1972, Isotope hydrology, in Advances in hydrosciences, V.T. Chow, ed., v. 8, p. 95–138. 28 
 29 
Pehme, P. E., 1984, Identification of Quaternary deposits with borehole geophysics in the Waterloo 30 
region: Waterloo, Canada, University of Waterloo, M.Sc. dissertation, 124 p. 31 
 32 
Phillips, A. C., 2008, Surficial geology of New Athens West Quadrangle, Monroe and St. Clair Counties, 33 
Illinois: Illinois State Geological Survey, USGS-STATEMAP contract report, 1:24,000. 34 
 35 
Pillans, B. and T. Naish, 2004, Defining the Quaternary: Quaternary Science Reviews, v. 23, p. 2271–36 
2282. 37 
 38 
IAW Report 2007-02899  2012-02-20 
 
 
173 
 
Piskin, K., and R.E. Bergstrom, 1975, Glacial Drift in Illinois: Thickness and Character: Illinois State 1 
Geological Survey, Circular 490, 35 p. 2 
 3 
Plummer, L. N., E. C. Prestemon, and D. L. Parkhurst, 1994, An interactive code (NETPATH) for 4 
modeling net geochemical reactions along a flow path (Version 2.0): United States Geological 5 
Survey, Water-Resources Investigations Report 94-4169, 130 p., URL: 6 
http://wwwbrr.cr.usgs.gov/projects/GWC coupled/netpath/.  7 
 8 
Pullan S. E., J. A. Hunter, R. L. Good, 2002, Using downhole geophysical logs to provide detailed 9 
lithology and stratigraphic assignment, Oak Ridges Moraine, southern Ontario: Geological Survey of 10 
Canada, Current Research 2002-E8, 12 p. 11 
 12 
Pugin, A. J. M., Larson, T. H., and Sargent, S., 2004a, 3.5 km/day of high resolution seismic reflection 13 
data using a landstreamer: Symposium of the Application of Geophysics to Engineering and 14 
Environmental Problems (SAGEEP), v. 2004, p. 1380–1388. 15 
 16 
Pugin, A. J. M., T. H. Larson, S. L. Sargent, J. H. McBride, and C. E. Bexfield, 2004b, Near-surface 17 
mapping using SH-wave and P-wave seismic land-streamer data acquisition in Illinois, U.S.: The 18 
Leading Edge, v.23, no. 7, p. 677–682. 19 
 20 
Pugin, A. J. M., T. H. Larson, T. C. Young, S. L. Sargent, and R. S. Nelson, 2003, Extensive geophysical 21 
mapping of the buried Teays-Mahomet Bedrock Valley, Illinois: Symposium on the Application of 22 
Geophysics to Engineering and Environmental Problems (SAGEEP), v. 2003, p. 1121–1133. 23 
 24 
Reed, P. C., 1975, Data from controlled drilling program in Kane County, Illinois: Illinois State 25 
Geological Survey, Environmental Geology 75, 38 p. 26 
 27 
Reed, P. C., 1985, Comparative analyses of surface resistivity surveys and natural-gamma radiation 28 
borehole logs in Illinois, in Surface and borehole geophysical methods in ground-water investigation: 29 
Second National Conference, National Water Well Association, p. 215–227. 30 
 31 
Repsold H., 1989, Well Logging in groundwater development: International Association of 32 
Hydrogeologists, International Contribution to Hydrogeology, vol. 9, Verlag Heinz Heise, Hannover, 33 
Germany, p 40–42. 34 
 35 
Richards, S. S., and A. P. Visocky, 1982, A reassessment of aquifer conditions west of Normal, Illinois: 36 
Illinois State Water Survey, Circular 153, 33 p. 37 
 38 
IAW Report 2007-02899  2012-02-20 
 
 
174 
 
Rider, M., 1996. The geological interpretation of wells: 2nd Edition. Golf Publishing Company, Houston, 1 
280 p. 2 
 3 
Roadcap, G. S and S. D. Wilson, 2001, The impact of emergency pumpage at the Decatur wellfields on 4 
the Mahomet aquifer: Model review and recommendations: Illinois State Water Survey, Contract 5 
Report 2001-11, 68 p. 6 
 7 
Roadcap G. S., V. Knapp, H. A. Wehrmann, and D. R. Larson, 2011, Meeting east-central Illinois water 8 
needs to 2050: Potential impacts on the Mahomet aquifer and surface reservoirs: Illinois State Water 9 
Survey, Contract Report 2011-08, 179 p. 10 
 11 
Ross, M. J., E. Campbell, M. Parent, and R. S. Adams, 2009, Palaeo-ice streams and the subglacial 12 
landscape mosaic of the North American mid-continental prairies: Boreas, vol. 38, 421–439. 13 
 14 
Rovey, C. W., II, and W. F. Kean, 2001, Palaeomagnetism of the Moberly formation, northern Missouri, 15 
confirms a regional magnetic datum within the pre-Illinoian glacial sequence of the midcontinental 16 
USA: Boreas, v. 30, 53–60. 17 
 18 
Roy, M., P. U Clark, R. W. Barendregt, J. R. Glasmann, and R. J Enkin, 2004, Glacial stratigraphy and 19 
paleomagnetism of late Cenozoic deposits of the north-central United States: Geological Society of 20 
America Bulletin, v. 116, 30–41. 21 
 22 
Rubin, Y., S. S. Hubbard, A. M. Wilson, M. A. Cushey, 1999,  Aquifer characterization, Chapter 10, in 23 
The handbook of groundwater engineering, J. W. Delleur, ed.: CRC Press, Boca Raton, Florida, p. 24 
356–423. 25 
 26 
Russell, H. A. J., R. W. C. Arnott, and D. R. Sharpe, 2003, Evidence for rapid sedimentation in a tunnel 27 
channel, Oak Ridges Moraine, southern Ontario, Canada: Sedimentary Geology, v. 160, p. 33–55. 28 
 29 
Savage, J. M., 1931, On the geology of Champaign County: Illinois Academy of Science, Transactions, v. 30 
23, p. 440–448. 31 
 32 
Schoell, M., 1988, Multiple origins of methane in the earth: Chemical Geology, v. 71, p. 1–10. 33 
 34 
Schomacker, A., K. H. Kjaer, and J. Krüger, 2010, Subglacial environments, sediments and landforms at 35 
the margins of Mýrdalsjökull, in Schomacker, A., J. Krüger and K. H. Kjær eds., The Myrdalsjokull 36 
Ice Cap, Iceland: Amsterdam, The Netherlands, Elsevier Science, Developments in Quaternary 37 
Sciences, volume 13: p. 127–144. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
175 
 
Selkregg, L. F., and J. P. Kempton. 1958, Groundwater geology in east-central Illinois. Illinois State 1 
Geological Survey, Circular 248, 36 p. 2 
 3 
Shackleton, N.J., 1987, Oxygen isotopes, ice volume and sea level: Quaternary Science Reviews, v. 6, no. 4 
3-4, p. 183–190. 5 
 6 
Skinner, A. R., 2006, An introduction to Electron Spin Resonance (ESR) dating in archaeology and 7 
paleontology:  The Review of Archaeology, v. 27, p. 87–97. 8 
 9 
Simpkins, W. W. and T. B. Parkin, 1993, Hydrogeology and redox geochemistry of CH4 in a late 10 
Wisconsinan till and loess sequence in central Iowa: Water Resources Research, v. 29, no. 11, p. 11 
3643–3657. 12 
 13 
Šinkūnas P., A. Česnulevičius, B. Karmaza, and V. Baltrūnas, 2009, Glacigenic landform features in 14 
marginal zone of Russell and Leverett glaciers, West Greenland: Geologija, v. 51, no.1–2, p. 23–32. 15 
 16 
Soller, D. R., 1993, Map showing the thickness and character of Quaternary sediments in the glaciated 17 
United States east of the Rocky Mountains: Northeastern States, the Great Lakes, and parts of 18 
southern Ontario and Atlantic offshore area (east of 80°31' West Longitude): United States 19 
Geological Survey, Miscellaneous Investigations Series, Map I-1970 A, 1:1,000,000. 20 
 21 
Soller, D. R., S. D. Price, J. P. Kempton, and R. C. Berg, 1999, Three-dimensional geologic maps of 22 
Quaternary sediments in east-central Illinois: United States Geological Survey Geologic 23 
Investigations Series Map I-2669, 3 sheets. 24 
 25 
Steeples, D. W., and R. D. Miller, 1990, Seismic reflection methods applied to engineering, 26 
environmental, and groundwater problems, in S. H. Ward, ed., Geotechnical and environmental 27 
geophysics: Society of Exploration Geophysics, p. 1–30. 28 
 29 
Stewart, M. A., and L. Lonergan, 2011, Seven glacial cycles in the middle-late Pleistocene of northwest 30 
Europe: Geomorphic evidence from buried tunnel valleys: Geology, v. 39, p. 283–286. 31 
 32 
Stiff, B. J., and A. K. Hansel, 2004, Quaternary glaciations in Illinois, in J. Ehlers and P. Gibbard, eds., 33 
Quaternary glaciations—Extent and chronology, Part II: North America: New York, Elsevier, 34 
Developments in Quaternary Science, v. 2, p. 71–82. 35 
 36 
Stokes, C. R., and C. D. Clark, 2001, Palaeo-ice streams: Quaternary Science Reviews, v. 20, p. 1437–37 
1457. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
176 
 
Stokes, C. R., and C. D. Clark, 2003, Laurentide ice streaming on the Canadian Shield: A conflict with 1 
the soft-bedded ice stream paradigm?: Geology, v. 31, p. 347–350. 2 
 3 
Stumpf, A. J., 2011, Surficial geology of the Gifford Quadrangle: Illinois State Geological Survey, 4 
USGS-STATEMAP contract report, 2 sheets, 1:24,000. URL: http://isgs.illinois.edu/maps-data-5 
pub/isgs-quads/g/gifford.shtml 6 
 7 
Swann , D. H., P. B. DuMontelle, R. F. Mast, and L. H. VanDyke, 1970, ILLIMAP-A computer-based 8 
mapping system for Illinois: Illinois State Geological Survey, Circular 451, 24 p. 9 
 10 
Taylor, A., V. Allen, M. Burgess, and J. Naufal, 1999, Wellbore temperature measurements and 11 
preliminary interpretation in terms of groundwater movement in the Oak Ridges Moraine, Ontario: 12 
Geological Survey of Canada, Open File 3787, 130 p. 13 
 14 
Telford, W. M., L. P. Geldart, and R. E. Sheriff, 1990, Applied geophysics: 2nd Edition. Cambridge 15 
University Press, Cambridge, 770 p. 16 
 17 
Teller, J. T. and L. H. Thorleifson, 1983, The Lake Agassiz - Lake Superior connection, in Teller J. T., 18 
and L. Clayton, eds, Glacial Lake Agassiz: Geological Association of Canada, Special Paper 26, p. 19 
261–290. 20 
 21 
Teller, J. T., 2004, Controls, history, outbursts, and impact of large late-Quaternary proglacial lakes in 22 
North America, in Gillespie, A. R., S. C. Porter and B. F. Atwater, eds., The Quaternary Period in 23 
the United States: New York, Elsevier, Developments in Quaternary Science, v. 1, p. 45–61. 24 
 25 
Tight, W. G., 1903, Drainage modifications in southern Ohio and adjacent areas of West Virginia and 26 
Kentucky: United States Geological Survey, Professional Paper 13, 111 p. 27 
 28 
USGS, 1999, National elevation dataset (West Virginia subset): United States Geological Survey. URL: 29 
ftp://ftp.wvgis.wvu.edu/pub/Clearinghouse/elevation/nationalElevationDataset_USGS_2002/img/, 30 
last accessed December 12, 2011. 31 
 32 
Ver Steeg, K., 1946, The Teays River: Ohio Journal of Science, v. 46, p. 297–307. 33 
 34 
VGIN, 2002, Digital elevation models for Virginia Base Mapping Program (North and South zones): 35 
Virginia Geographic Information Network. URL: 36 
http://gisdata.virginia.gov/downloads/2002_DEM_GRID.zip, last accessed December 12, 2011. 37 
  38 
IAW Report 2007-02899  2012-02-20 
 
 
177 
 
Vonder Haar, S. P. and Johnson, W. H. 1973, Mean magnetic susceptibility: a useful parameter for 1 
stratigraphic studies of glacial till: Journal of Sedimentary Petrology, v. 43, p. 1148–1151. 2 
 3 
Warner, K. L., 2001, Arsenic in glacial drift aquifers and the implication for drinking water – lower 4 
Illinois River Basin: Ground Water, v. 39, no. 3, p. 433–442. 5 
 6 
Wang, H, J. A. Mason, and W. L. Balsam, 2006, The importance of both geological and pedological 7 
processes in control of grain size and sedimentation rates in Peoria Loess: Geoderma, v. 136, p. 388–8 
400. 9 
 10 
Wang, H., K. C. Hackley, S. V., Panno, D. D., Coleman, D.D., J. C-L Liu, and J. Brown, 2003, Pyrolysis 11 
combustion 14C dating of soil organic matter: Quaternary Research, v. 60, 348–355. 12 
 13 
Wascher, H. L., and E. Winters, 1938, Textural groups of Wisconsin till and their distribution in Illinois: 14 
American Journal of Science, v. 35, p. 14–21. 15 
 16 
Webb, N. D., 2009, An investigation of the origin of the Ridged Drift of the lower Kaskaskia Basin, 17 
southwestern Illinois: Urbana-Champaign, University of Illinois, M.Sc. dissertation, 139 p. 18 
 19 
Webb, N. D., D. A. Grimley, A. C. Phillips, and B. W. Fouke, 2012, Origin of glacial ridges (OIS 6) in 20 
the Kaskaskia Sublobe, southwestern Illinois, USA: Quaternary Research, v. 78, no. 2, p. 341–352. 21 
 22 
Wheeler, J. O., P. F. Hoffman, K. D. Card, A. Davidson, B. V. Sanford, A. V. Okulitch, and W. R. Roest 23 
(compilers), 1997, Geological map of Canada: Geological Survey of Canada, Map D1860A, 24 
1,500,000. 25 
 26 
Weidner R. T., and R. L. Sells, 1960, Elementary modern physics: Allyn and Bacon, Boston, 27 
Massachusetts, 513 p. 28 
 29 
Wickham, J. T., 1976, Glacial geology of north–central and western Champaign County, Illinois: Urbana-30 
Champaign, University of Illinois, M.Sc. dissertation, 79 p. 31 
 32 
Wickham, J. T., 1979a, Glacial geology of north-central and western Champaign County, Illinois: Illinois 33 
State Geological Survey, Circular 506, 30 p. 34 
 35 
Wickham, J. T., 1979b, Pre-Illinoian till stratigraphy in the Quincy, Illinois, area, in Treworgy, J. D., E. 36 
D. McKay, and J. T. Wickham, eds., Geology of western Illinois: Tri-State Geological Field 37 
Conference 43: Illinois State Geological Survey, Guidebook 14, p. 69–70. 38 
 39 
IAW Report 2007-02899  2012-02-20 
 
 
178 
 
Williams, J. H., and R. W. Conger, 1990, Preliminary delineation of contaminated water-bearing fractures 1 
intersected by open-hole bedrock wells: Ground Water Monitoring, v. 10, no. 3, p. 118–126. 2 
 3 
Williams, J. H., and J. W., Jr. Lane, 1998, Advances in borehole geophysics for ground-water 4 
investigations: United States Geological Survey, Fact Sheet 002–98, 6 p.  5 
 6 
Williams, J. H., W. W. Lapham, and T. H. Barringer, 1993, Application of electromagnetic logging to 7 
contamination investigations in glacial sand-and-gravel aquifers: Ground Water Monitoring and 8 
Remediation Review, vol. 13, no. 3, p. 129–138. 9 
 10 
Willman, H. B., and J. C. Frye, 1970, Pleistocene stratigraphy of Illinois: Illinois State Geological 11 
Survey, Bulletin 94, 204 p. 12 
 13 
Willman, H. B., H. D. Glass, and J. C. Frye, 1963, Mineralogy of glacial tills and their weathering 14 
profiles in Illinois, Part I, Glacial tills: Illinois State Geological Survey, Circular 347, 55 p. 15 
 16 
Willman, H. B., E. Atherton, T. C. Buschbach, C. Collinson, J. C. Frye, M. E. Hopkins, J. A. Lineback 17 
and J. A. Simon, 1975, Handbook of Illinois stratigraphy: Illinois State Geological Survey, Bulletin 18 
95, 261 p. 19 
 20 
Wilson, S. D., J. P. Kempton, and R. B. Lott, 1994, The Sankoty-Mahomet Aquifer in the confluence area 21 
of the Mackinaw and Mahomet Bedrock Valleys, central Illinois: A reassessment of aquifer 22 
characteristics: Illinois State Water Survey and Illinois State Geological Survey Cooperative Report 23 
16, 64 p. 24 
 25 
Wilson, S. D., G. S. Roadcap, B. L. Herzog, D. R. Larson, and D. Winstanley, 1998, Hydrogeology and 26 
groundwater availability in southwest McLean and southeast Tazewell Counties Part 2—Aquifer 27 
modeling and final report: Illinois State Water Survey and Illinois State Geological Survey, 28 
Cooperative Groundwater Report 19, 138 p. 29 
 30 
Wintle, A. G., and A. S. Murray, 2006, A review of quartz optically stimulated luminescence 31 
characteristics and their relevance in single-aliquot regeneration dating protocols: Radiation 32 
Measurements, v. 41, p. 369–391. 33 
 34 
Worthen, A. H., 1870, Geology of Champaign, Edgar, and Ford Counties, in A. H. Worthen, ed., 35 
Geology: Champaign, Illinois, Geological Survey of Illinois, v.4, p. 266–275. 36 
 37 
Young, T. C., and T. H. Larson, 2000, Combining surface and borehole geophysical techniques to locate 38 
and define a buried outwash aquifer in central Illinois, in M. H. Powers, A.  Ibrahim,  and L. Cramer, 39 
IAW Report 2007-02899  2012-02-20 
 
 
179 
 
comp. and eds.: Proceedings of the Symposium on the Application of Geophysics to Engineering and 1 
Environmental Problems, Wheat Ridge, Colorado, Environmental and Engineering Geophysical 2 
Society, p. 1085–1094. 3 
 4 
Zachos, J., M. Pagani, L. Sloan, E. Thomas, and K. Billups, 2001, Trends, rhythms, and aberrations in 5 
global climate 65 Ma to present: Science, 292, v. 5517, p. 686-693. 6 
  7 
Zoblin, C. W., 1964, Why electric log water wells?. Ground Water, vol. 2: p. 32–34. 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
IAW Report 2007-02899  2012-02-20 
 
 
180 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
APPENDICES 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
IAW Report 2007-02899  2012-02-20 
 
 
181 
 
SUPPORTING DATA AND DATABASES 1 
All the geological, hydrogeological, and geophysical information collected in boreholes, results of the 2 
laboratory analyses, the databases used in the modelling, and 2-D maps and cross sections and 3-D map 3 
products will be made available to the public from the ISGS Mapping website 4 
http://isgs.illinois.edu/research/mapping-res.shtml. 5 
 6 
LIST OF PRESENTATIONS AT SCIENTIFIC MEETINGS, PUBLIC WORKSHOPS, 7 
AND FIELD TRIPS 8 
1. Andrew J. Stumpf, Subsurface Geologic Data Collection, Field trip for Board of Natural Resources 9 
and Conservation, August 2007. 10 
 11 
2. Andrew J. Stumpf and Steven E. Brown, Get to the Core, Display at the Naturally Illinois Expo, 12 
March 2008, 2009, and 2010. 13 
 14 
3. William S. Dey, Geologic and Geophysical Field Investigations of the Mahomet Aquifer, Mahomet 15 
Aquifer Consortium, September 2008. 16 
 17 
4. William S. Dey and Andrew J. Stumpf, Mapping Quaternary Aquifers in Champaign County, 18 
Illinois, Midwest Ground Water Conference, September 2008. 19 
  20 
5. William S. Dey and Andrew J. Stumpf, Mapping the Mahomet Aquifer Beneath Champaign 21 
County, Illinois Water Conference 2008, October 2008. 22 
 23 
6. William S. Dey and Andrew J. Stumpf, Geologic and Geophysical Field Investigations of the 24 
Mahomet Aquifer, Mahomet Aquifer Consortium, February 2009. 25 
 26 
7. Andrew J. Stumpf, Geology of the East-Central Illinois, Presentation made for CEE 498FM (Field 27 
Methods in Water Resources) Course in the Department of Civil and Environmental Engineering 28 
at the University of Illinois, May 2009.  29 
 30 
8. Ahmed M. Ismail, Andrew J. Stumpf, William S. Dey, Seismic Characterization of Glacial 31 
Sediments in Central Illinois Based on Downhole, Geological Society of America Annual Meeting, 32 
October 2009. 33 
 34 
9. Ahmed M. Ismail, Downhole P-and S-Wave Velocity Measurements to Aid in Characterization of 35 
Glacial Sediments in Central Illinois, United States Egyptian Geophysical Conference, March 36 
2010. 37 
 38 
10. Ahmed M. Ismail, High Resolution Seismic Imaging of Bedrock Surface and Overlaying Glacial 39 
Deposits in Champaign County, East–Central Illinois, United States, Egyptian Geophysical 40 
Conference, March 2010. 41 
 42 
11. Andrew C. Phillips, Geologic and Geophysical Field Investigations of the Mahomet Aquifer, Planet 43 
Earth: Water Issues and Conservation, July 2010. 44 
 45 
12. Andrew J. Stumpf, The Geologic and Hydrostratigraphic Complexities of Quaternary Deposits 46 
Overlying the Mahomet Bedrock Valley in Central Illinois, United States, Invited lecture at 47 
University of Waterloo, September 2010. 48 
 49 
IAW Report 2007-02899  2012-02-20 
 
 
182 
 
13. Mark G. Little, Potential Impacts on Freshwater Aquifers of Carbon Dioxide Leaks from Deep 1 
Geosequestration, Geological Society of America Annual Meeting, October 2010. 2 
 3 
SCIENTIFIC PUBLICATIONS AND THESES RESULTING FROM RESEARCH 4 
1. Atkinson, L.A., 2008, Three-Dimensional Mapping of East Central Illinois, using gOcad®: 5 
Waterloo, University of Waterloo, B.Sc. honors thesis, 56 p. 6 
2. Little, M.G., and R.B. Jackson, 2010, Potential impacts of leakage from deep CO2 geosequestration 7 
on overlying freshwater aquifers: Environmental Science & Technology, v. 44, no. 23, 9225–9232. 8 
3. Atkinson, L.A., 2011, Sedimentology and 3-D architecture of subsurface facies of the Illinoian 9 
deglaciation in east-central Illinois, USA: Waterloo, University of Waterloo, M.Sc. dissertation, 10 
174 p.  11 
 12 
ANCILLARY GEOLOGIC MAPS 13 
1. Stumpf, A.J., 2011, Surficial geology of Gifford Quadrangle, Champaign County, Illinois: Illinois 14 
State Geological Survey, USGS-STATEMAP contract report, 2 sheets, 1:24,000. 15 
0 5 10 15 202.5
MILES
Figure 1-1 This project is being undertaken in a 18-township area that includes parts of northern Champaign 
County and adjacent Ford and Vermilion Counties (area shaded in green), and in a 9-township area of western 
Champaign and eastern Piatt Counties (area shaded in purple) that is the location of geologic mapping previously 
funded by the Illinois-American Water Company (ILAWC). The gray lines delineate 50-foot contours of the bedrock 
topography (from Illinois State Geological Survey 1994). The extent of the Mahomet aquifer is delineated by the green line.  
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Figure 1-2 Location of the project area in east-central Illinois. The project area is outlined by the solid blue line.
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Figure 1-3 Location of the project area in the 15 county-wide Regional Water Supply Planning region in east-central Illinois. 
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Figure 1-4 Thickness of glacial and nonglacial sediments in Champaign County and adjacent areas. The project 
area is outlined by the solid blue line. The extent of the Mahomet Bedrock Valley is delineated by the green line.  
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Figure 1-5 The location of “primary” boreholes used in the geologic mapping for this project. The project area is 
outlined by the solid blue line.
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ISGS ID BORE ID ELEV. TD PLSS_LOCATION DRILL TYPE SCREEN GEOLOGIC UNIT
(feet) (feet) section, T, R, quarters INT. (feet) SCREENED
120192630600 CHAM-07-01A 724.8 325.0 11 19N 07E NWNWSE ISGS C, G, W 310-315 8PIL2
120192630700 CHAM-07-01B 725.1 250.0 11 19N 07E NWNWSE ISGS W 245-250 8PIL1
120192630800 CHAM-07-01C 725.3 150.0 11 19N 07E NWNWSE ISGS W 145-150 6IL1
120192630900 CHAM-07-02A 712.2 320.0 31 20N 08E SWSESW ISGS C, G, W 308-313 8PIL2
120192631000 CHAM-07-02B 712.7 219.0 31 20N 08E SWSESW ISGS W 214-219 8IL
120192631200 CHAM-07-03A 678.3 299.0 08 17N 08E NENESE ISGS S, G, W 265-270 4PIL2
120192631600 CHAM-07-03B 678.5 103.0 08 17N 08E NENESE ISGS W 98-103 6IL1
120192631400 CHAM-07-04B 698.7 200.0 02 18N 07E SWNENE ISGS S, G, W 302-307 11
120192631500 CHAM-07-04A 698.5 307.0 02 18N 07E SWNENE ISGS W 132-137 6IL1
120192633900 CHAM-07-05 720.4 162.0 27 22N 08E SESESE ISGS S, G, W 157-162 2IL
120192635400 CHAM-07-06A 676.1 306.0 21 20N 07E NENENE ISGS C, G, W 288.5-293.5 8PIL2
120192635600 CHAM-07-06B 688.5 91.0 21 20N 07E NENENE ISGS W 83-88 6IL1
120192635500 CHAM-07-07 700.7 110.0 16 19N 07E NWNWNW ISGS G, W 100.5-105-5 8WI
120192635700 CHAM-07-08 730.7 173.0 18 20N 09E SWSWSW ISGS S, G, W 158-169 6IL1
121472153700 PIAT-07-01 686.6 347.0 22 19N 06E SWSWSW ISGS S, G, W 342-347 11
121472153900 PIAT-07-02A 686.5 330.0 36 20N 06E NWNWSE ISGS C, G, W 315-320 8PIL2 + 4PIL2
121472154000 PIAT-07-02B 686.5 63.0 36 20N 06E NWNWSE ISGS W 54.4-59.4 6IL1
120192641200 CHAM-08-01 707.9 175.0 06 22N 14W SENWSW ISGS C, G, W 150-160 5PIL2
120192641300 CHAM-08-02A 723.0 315.0 06 22N 14W SESESW ISGS C, G, W 296-306 8PIL2
120192646300 CHAM-08-02B 723.0 75.0 06 22N 14W SESESW ISGS W 70-75 6IL1
120192641400 CHAM-08-03A 782.0 364.6 14 22N 09E NENESE ISGS C, G, W 315-320 8PIL2
120192642600 CHAM-08-03B 782.8 150.0 14 22N 09E NENESE ISGS W 140-145 6IL1
120192642400 CHAM-08-04 688.5 303.4 17 18N 08E NWNWSW ISGS C, G, W no well –
120192642300 CHAM-08-05 731.7 256.0 34 22N 07E SWSESE ISGS C, G, W 209.4-214.4 5IL
120192642500 CHAM-08-06 781.7 170.7 34 21N 08E SWSWSW ISGS C, G, W 167.5-172.5 5IL
120192642800 CHAM-08-07A 745.5 281.9 06 22N 07E NENWNW ISGS C, G, W 265-271 5PIL4
120192643300 CHAM-08-07B 745.8 188.0 06 22N 07E NENWNW ISGS W 178-183 2IL
120192642700 CHAM-08-08A 723.5 350.0 10 20N 07E SWNWSE ISGS C, G, W 210.5-215.5 8IL
120192643000 CHAM-08-08B 723.5 100.5 10 20N 07E NWSWSE ISGS W 90-100 6IL1
120192642900 CHAM-08-09A 714.0 345.0 13 21N 07E NWNWNE ISGS C, G, W 259.5-264.9 8PIL1
120192645100 CHAM-08-09B 714.0 173.6 13 21N 07E NWNWNE ISGS W 166-171 8IL
120192645200 CHAM-08-09C 714.0 69.0 13 21N 07E NWNWNE ISGS W 64-69 6IL1
120192647900 CHAM-08-10A 743.0 305.0 01 19N 08E NESESE ISGS C, G, W 170-180 5IL + 5PIL2
120192648000 CHAM-08-10B 743.0 127.6 01 19N 08E NESESE ISGS W 105-115 6IL1
121132464500 MCLN-08-01 766.2 247.0 08 21N 06E NWNENE ISGS C, G, W 73-78 8WI + 6IL1
121472157000 PIAT-08-01 719.6 240.0 30 21N 06E SESESE ISGS C, G, W 170-175 8IL
121472157300 PIAT-08-02 664.3 274.0 30 19N 06E SWSWSW ISGS C, G, W 150-155 8IL
121472157400 PIAT-08-03A 679.7 317.0 21 18N 05E SWSWNW ISGS C, G, W 181-186 8IL
121472157500 PIAT-08-03B 679.7 138.0 21 18N 05E SWSWNW ISGS W 133-138 6IL2
120532134000 FORD-08-01A 738.7 362.0 30 23N 10E SWSWSW ISGS C, G, W 345-350 8PIL2
120532134400 FORD-08-01B 738.7 176.0 30 23N 10E SESWSW ISGS W 170-175 8IL
121832636000 VERM-08-01A 693.4 244.0 06 21N 13W NESWSW ISGS C, G, W 234-244 8PIL1
121832636100 VERM-08-01B 693.2 105.0 06 21N 13W NESWSW ISGS W 95-105 6IL1
Table 1-1
about boreholes drilled for previous studies, but referred to in this report are included in the table. 
ISGS ID BORE ID ELEV. TD PLSS_LOCATION DRILL TYPE SCREEN GEOLOGIC UNIT
(feet) (feet) section, T, R, quarters INT. (feet) SCREENED
120192651100 CHAM-09-01 755.7 372.0 18 19N 09E NESESW ISGS C, G no screen –
120192652900 CHAM-09-02A 744.4 164.9 24 19N 08E NWNESE ISGS C, G, W 157-162 6IL1
120192653700 CHAM-09-02B 744.2 113.5 24 19N 08E NWNESE ISGS W 105-110 8WI
120192653600 CHAM-09-03A 719.8 334.0 01 21N 08E SWSWSW ISGS C, G, W 302-307 8PIL2
120192653900 CHAM-09-03B 719.4 188.0 01 21N 08E SWSWSW ISGS W 182-187 8PIL1
120192654000 CHAM-09-03C 719.3 61.0 01 21N 08E SWSWSW ISGS W 54-59 8WI
121472158900 PIAT-09-01A 674.6 321.0 06 18N 06E NENENE ISGS C, G, W 285-290 8PIL2
121472159400 PIAT-09-01B 674.6 136.0 06 18N 06E NENENE ISGS W 130-135 6IL1
120192654100 CHAM-09-04A 726.4 249.0 21 20N 09E NWSWSE ISGS C, G, W 157-162 6IL1
120192654600 CHAM-09-04B 726.6 106.0 21 20N 09E NWSWSE ISGS W 100-105 6IL1
120192654700 CHAM-09-05A 672.7 249.5 16 20N 10E SESESE ISGS C, G, W 149-152 8IL
120192654900 CHAM-09-05B 672.4 107.0 16 20N 10E SESESE ISGS W 100-105.9 6IL1
120192654800 CHAM-09-06 698.6 210.0 02 19N 09E NESESE ISGS C, G, W 103.5-108.5 6IL1
121472159300 PIAT-09-02A 654.8 280.0 29 18N 05E SESESW ISGS C, G, W 255-261 8PIL2
121472159500 PIAT-09-02B 654.1 128.0 29 18N 05E SESESW ISGS W 123-128 6IL1
120192656500 CHAM-09-07 740.6 290.0 14 22N 10E NENWNE ISGS C,  G no screen –
120192657900 CHAM-09-08 740.2 195.0 20 19N 09E SWNWNW OTHER S, G 155-159 6IL1
121472153800 OCONNOR 660.0 198.0 30 18N 05E SENESW OTHER G 194-198 8IL
120192657300 HALLBECK 720.4 269.0 20 19N 08E NWNENE OTHER G no screen –
120192634000 MIDFORK 710.5 287.0 08 22N 14W SWSWNE OTHER G, W 261-279 8PIL2 + 4PIL2
120192651000 BW Well 67 709.3 303.2 01 19N 07E SESESW OTHER G, W 215-292 8IL + 8PIL1 + 8PIL2
120192631300 BW Well 68 716.4 311.7 36 20N 07E SESESW OTHER G 228-308 8IL + 8PIL1 + 8PIL2
120192650900 LW TH 69 728.2 321.0 02 19N 07E NWNENE OTHER S, G no screen –
120192650800 LW TH 70 726.2 323.0 02 19N 07E SENENE OTHER S, G no screen –
120192648200 LW Well 71 718.0 305.0 35 20N 07E NENENE OTHER G, W 232-305 8PIL1 + 8PIL2
120192648300 LW Well 72 715.8 313.0 03 19N 07E SENESE OTHER W 228-308 8IL + 8PIL1 + 8PIL2
120192648400 LW Well 73 721.5 310.0 11 19N 07E NWNWNW OTHER G, W 230-310 8IL + 8PIL1 + 8PIL2
120192657200 MCKINLEY 735.0 300.0 18 19N 09E NWSENW OTHER G no screen –
120192640700 LAW 696.2 198.0 35 21N 07E SWNESE OTHER G 194-198 6IL2
121472157900 HAYES 715.0 208.0 31 20N 06E NENENE OTHER G 202-206 2IL + 8IL
121472157200 NEMANSFIELD 774.0 253.0 35 21N 06E NENENW OTHER G 249-253 8IL
120532135700 KRAPAC 758.0 228.0 27 23N 09E SENESE OTHER G 224-228 6IL2
121472058700 OBS Well 1B 672.7 297.0 32 18N 05E NENWNW OTHER G, W 40-170 6IL1 + 5IL + 8IL
121472155900 ISWS 2002-E 649.4 134.0 31 18N 05E NENENW ISWS W 129-134 6IL1
120192584600 CHAM-03-01 713.9 315.0 30 19N 09E SENENE ISGS C, G no screen –
120192640900 CHAM-03-02 740.6 324.0 28 21N 08E SWSWNW ISGS C, G, W 298.5-308.5 8PIL2
120192641000 CHAM-03-03 735.7 363.0 29 21N 08E NENESW ISGS C, G, W 118-128 6IL1
121472153400 PIAT-02-01 648.2 286.1 21 18N 05E SWNWNE ISGS G, W no screen –
121472132100 PIAT-02-02 632.4 268.5 21 18N 05E NESWSE ISGS G, W no screen –
121472136400 PIAT-02-04 690.0 326.5 01 18N 04E NENESE ISGS C, G no screen –
120192625900 MW3 776.5 340.0 29 20N 08E SESESE OTHER G, W 330-340 8PIL2
120192625400 MW4 762.4 340.0 29 20N 08E NWSESE OTHER G, W 330-340 8PIL2
Table 1-1  (continued)
Boreholes drilled for earlier studies, but referenced in this report.
ISGS ID BORE ID ELEV. TD PLSS_LOCATION DRILL TYPE SCREEN GEOLOGIC UNIT
(feet) (feet) section, T, R, quarters INT. (feet) SCREENED
120192623200 CHM-95D 700.1 330.0 16 19N 07E NWNWNW ISWS S, G, W 278-283 8PIL2
120192626000 MW5 743.8 340.0 32 20N 08E SENENE OTHER G, W 330-340 8PIL2
120192625500 MW6 762.0 155.0 29 20N 08E NWSESE OTHER G, W 145-155 6IL1
120392096700 Decatur 36-3 695.0 360.0 36 19N 03E NWSWNE OTHER S no screen –
120192406600 CG-3-92 709.7 280.0 15 22N 07E NESENE OTHER C, G no screen –
120192495000 CHM-96A 720.8 350.0 27 22N 08E SESESE ISWS S, G, W 306-311 5PIL4 + 8PIL2
120192481500 CHM-95A 749.0 328.0 16 21N 09E NWNWNW ISWS S, G, W 260-265 8PIL2
120192623600 CHM-98A 738.0 248.0 31 22N 07E NWNWNW ISWS G, W 220-225 6IL2
120192623400 CHM-96B 707.2 339.0 18 21N 08E SESESE ISWS S, G, W 291-296 8PIL2
120532130800 FRD-94B 798.9 197.0 13 23N 10E NE SE SE ISWS G, W 190-195 6IL1
120192366200 STAF-99 713.6 114.0 23 21N 07E NW NE NW OTHER W 20-116 5WI2 + 5WI3 + 6IL1
120192279200 ISAAC99 709.2 52.0 19 21N 08E NE SW SE OTHER W 48-52 5WI2
121830190000 HPSTN 705.0 106.0 11 23N 12W SE SW NE OTHER W, C, S 68-98 8WI
120192481600 CHM-95B 784.2 304.0 03 20N 08E NENENE ISWS S, G, W 270-275 8IL
120192481000 CHM-95C 732.8 323.0 18 20N 09E NWSWSW ISWS S, G, W 235-240 8IL
120192662300 NIWC 57-1G 310.0 750.4 03 19N 09E SWWSE OTHER S, G, W 189-199 6IL1
120192662300 NIWC 57-1M 310.0 750.4 03 19N 09E SWWSE OTHER S, G, W 270-290 8PIL1 + 8PIL2
120192662200 NIWC 57-2G 333.0 752.6 03 19N 09E SWWSE OTHER S, G, W 185-195 6IL1
120192662200 NIWC 57-2M 333.0 752.6 03 19N 09E SWWSE OTHER S, G, W 277-297 8PIL1 + 8PIL2
Table 1-1  (Continued) 
The API_NUMBER is a unique 12-digit number assigned by the ISGS to each borehole. The numbering system follows the American 
Petroleum Institute’s well identification system (American Petroleum Institute 1979). The first two digits of the API number represent the 
state where the borehole is located, the third through fifth digits is the county within the state, the sixth through tenth digits is a unique 
number within the county sequentially assigned to boreholes as they are added to the database, and the eleventh and twelfth digits 
distinguish between separate operations in a single borehole (i.e., the borehole was drilled deeper from its orginal depth). The BORE_ID 
is the field number assigned to the borehole. For boreholes drilled by the ISGS, the code contains four alphanumeric characters 
identifying the county where the borehole is located (CHAM = Champaign County, FORD = Ford County, MCLN = McLean County, PIAT= 
Piatt County, and VERM = Vermillion County ), two digits representing the year the borehole was completed, two digits assigned 
sequentially identifying the number of boreholes in the county drilled each year, and one alphanumeric character denoting the sequence 
of multiple boreholes drilled. The abbreviation ‘TD” represents the total depth (in feet from the land surface) that the borehole was drilled. 
The PLSS_ LOCATION refers to the location from the Public Land Survey System (PLSS) that is based on grid system described in terms 
of numbered townships (T), ranges (R), and sections (Swann et al 1970). Each section is subdivided into quarters, quarter-quarters, and 
quarter-quarter-quarters, designated ¼, ¼, ¼ beginning with the smallest quarter. In the DRILL column, the boreholes are identified as 
being drilled by the ISGS or OTHER water well drillers. The TYPE column records the type of information acquired from each borehole. 
For the boreholes, "C" indicates continuous cores of sediment and/or bedrock; “S” indicates cuttings from the drill operation; “G” indicates 
downhole geophysical logs; “W” indicates a groundwater observation was installed. The SCREEN INT. specifies the depth range for the 
well screen. The GEOLOGIC UNIT SCREENED indicates the geologic mapping unit in which the well screened is installed. These 
aphanumeric characters were assigned to each mapping unit for the geologic mapping (see fig. 2-3). For NIWC 57-1 and NIWC 57-2, two 
screens were installed in the same borehole to monitor groundwater levels in deposits of the Glasford Formation and Mahomet Sand 
Member of the Banner Formation. The wells screened in the Glasford Formation and Mahomet Sand Member are denoted by "G" and 
"M", respectively.     
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Figure 2-1 The pattern of ice flow into Illinois during the Quaternary Period from centers of ice accumulation in 
west-central and eastern Canada (from Killey 2007). KC denotes the Keewatin Ice Center and LC denotes the 
Labradorean Ice Center. The location of the project area is delineated by star with a green outline.
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Figure 2-2 Approximate flow lines of eastern-sourced lobes of the south-central margin of the Laurentide Ice Sheet 
during the last glaciation (Wisconsin Episode). Modified after Gwyn and Dreimanis (1979). The mapped limits of 
the Wisconsin, Illinois, and pre-Illinois Episode glaciations are included (modified from Fullerton et al. 2003 and 
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West Virginia. The geology of the Canadian Shield is from Wheeler et al. (1997) and the Ontario Geological Survey 
(2006). The project area is outlined by the red box.
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Figure 2-3 Geologic mapping units and their mandatory vertical sequence.
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Figure 2-4 Preliminary lithostratigraphy of Quaternary deposits for the project area. The principal lithologies of 
each mapping unit is in parantheses. 
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Figure 2-5 Axes of major bedrock valleys identified on a hillshade of the bedrock topography in central Illinois and west-central Indiana (after Horberg 1950; 
Gray 1982; Bleuer 1989; Herzog et al. 1994). The project area is outlined by the red boxes. These valleys compose part of the Teays-Mahomet Bedrock Valley 
System that extends from Virginia (VA) into central Illinois (IL). Other state acronyms include IN = Indiana, KY = Kentucky, MO = Missouri, OH = Ohio, and 
WV = West Virginia. On the inset map, the buried valleys of the Teays-Mahomet Bedrock Valley System are from Melhorn and Kemption (1991). The blue dashed 
lines denote buried valleys, and valleys at the surface by the yellow solid lines. The topography of the bedrock surface represeented by the green shading (i.e. 
darker color is lower elevation) were compiled from digital elevation models from Herzog et al. (1994), USGS (1999), Harlan (2001), VIGN (2002), Gray et al. 
(2003), Brockman (2004), and  KYDGI (2007).
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Figure 2-6 Bedrock geology map of Champaign County and adjacent areas (from Kolata 2005). The bedrock 
geology is overlain on a hillshaded topography of the bedrock surface. 
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Figure 2-6 (continued) A portion of the bedrock stratigraphic column for the northern half of Illinois is included for 
referencing the map. Rock units without shading on the stratigraphic column do not subcrop in the project area. 
Numbers to the right of the stratigraphic column are ages in millions of years before present. 
BEDROCK (11)
6IL1
6IL1
5IL
8PIL1
4PIL1
4PIL1
8PIL1 8PIL2
8PIL2
5IL 5IL
5WI3
5WI3
5WI3
8IL1
5WI2 5WI2 5WI2
6IL2
5WI1
5PIL3
5PIL28IL1
4PIL2
5WI1
5PIL2
5PIL3
5PIL4
5PIL3
5PIL1
8WI
5PIL3
2PIL1
2PIL2
5PIL25PIL1
7WI
5PIL3
2PIL1
2WI1
2WI2
4PIL2
2IL 5PIL2
8IL2
4WI
200
E
l
e
v
a
t
i
o
n
 
(
f
e
e
t
)
E
l
e
v
a
t
i
o
n
 
(
f
e
e
t
)
400
600
800
200
400
600
800
7WI
Bedrock
Ashmore Tongue, Henry Formation
Unnamed tongue 1, Pearl Formation
Unnamed tongue 2, Pearl Formation
Henry Formation
Unit 1 - Mahomet Sand Member, Banner Formation
Unit 2 - Mahomet Sand, Banner Formation
Equality Formation
Unnamed tongue, Equality Formation
Unnamed tongue, Teneriffe Silt
Cahokia Formation
Unnamed unit 3, Banner Formation
Unnamed unit 4, Banner Formation
Batestown Member, Lemont Formation
Tiskilwa Formation
Unnamed unit 1, Glasford Formation
Unnamed unit 2, Glasford Formation
Yorkville Member, Lemont Formation Vandalia Member, Glasford Formation
Hillery Member, Banner Formation
Harmatton Member, Banner Formation
West Lebanon Member, Banner Formation
Unnamed unit 1, Banner Formation
Unnamed unit 2, Banner Formation
Tilton Member, banner formation
PRE-ILLINOIS
EPISODE
PRE-ILLINOIS
EPISODE
AND OLDER 11
8WI
7WI
2WI1
2WI2
2IL
4PIL1
4PIL2
5WI1
5WI2
5WI3
5IL1
6IL1
6IL2
5PIL1
5PIL2
5PIL3
8PIL1
8PIL2
5PIL4
2PIL1
2PIL2
8IL1
8IL2
4WI1
Figure 2-7 Schematic cross section showing the stratigraphic position of Quaternary deposits. The vertical exaggeration is approximately 13 x.
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Figure 2-8 Schematic diagram of the Quaternary stratigraphy in the project area, including the geologic mapping and pedostratigraphic units, diachronic 
classification, marine oxygen isotope record (Cohen and Gibbard 2011), and magnetostratigraphy (Coe et al. 2004). Modified from Killey (2007) and Hansel and 
McKay (2010). In the project area, glacial sediments of the Wisconsin, Illinois, and pre-Illinois Episodes were deposited by ice advancing into Illinois from the 
north and northeast. Note, the pedostratigraphic and lithostratigraphic units are not scaled with respect to time. The mapping units in the 3-D geologic model 
(shown by bolded text) are correlated to their appropriate lithostratigraphic units, if possible. Information regarding the thickness and character of materials 
composing these subunits are found in table 3 and in the COMMENTS field of the accompanying database. Note, the time scales for the marine oxygen isotope 
(?18O) record and the sediment record are different.  
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Figure 2-9 Geological, geophysical, and magnetic properties in part of borehole CHAM-09-03A (left). A photo-mosaic of the core collected from 102–160 feet 
(right) is shown. The red, green and maroon lines are logs of natural gamma radiation, shear (S-wave) veolocity and magnetic susceptibility, respectively. A 
complete log of the geology in this borehole is provided in table 2-3. 
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Figure 2-10 Geological, geophysical, and mineralogical properties in part of borehole CHAM-03-01. The red, blue, 
green, pink, and brown lines are logs of natural gamma radiation, P-wave velocity, shear (S-wave) velocity, calcium 
carbonate content, and magnetic susceptibility, respectively. A complete log of the geology in this borehole is 
provided in table 2-3. 
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Figure 2-11 Geological, geophysical, and magnetic properties in part of borehole CHAM-08-09A. The red line is a 
log of natural gamma radiation. The black dots signify magnetic susceptibility measurements on core samples. A 
complete log of the geology in this borehole is provided in table 2-3. 
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Figure 2-12 Point count results of sand grains and granules from deposits of the Glasford, Pearl, and Banner 
Formations in boreholes NIWC 57-1 and NIWC 57-2 (from Panno et al. 2005). The plots reveal slight variations in 
constituent minerals with depth. The sand and gravel fractions of till and diamicton were not analyzed. The geology  
in these boreholes was originally described in Panno et al. (2005), but this information is reinterpreted based on 
new information collected for this project (see table 2-3). The geology for borehole NIWC-57-1 is shown above. 
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Figure 2-13 The location of boreholes drilled for this project and previous projects referenced in Chapter 2. The 
project area is outlined by the solid blue line. The Mahomet Bedrock Valley is denoted by the yellow shading.  The 
axes of the bedrock valleys are delineated by the black dotted and dashed lines. The dotted lines delineate the 
extension of the tributary bedrock valleys across the Mahomet Bedrock Valley. The gray lines delineate 20-foot 
contours constructed from the bedrock topography for this project (see Chapter 11).
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Figure 2-14 Continuous core from borehole CHAM-03-03 containing organic-rich silt and diamicton of geologic mapping unit 8PIL, subunit 
4PIL1 overlying sand and gravel of the Mahomet Sand Member, Banner Formation. The core shown is from 225–251.5 feet depth. The top of the 
core is in the bottom-left corner. See table 2-3 for the description of geologic materials in this borehole. 
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Figure 2-15 Geological and geophysical properties in part of borehole MCLN-08-01. The red line is a log of natural 
gamma radiation. A complete log of the geology in this borehole is provided in table 2-3. 
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Figure 2-16 Geologic, geophysical, and mineralogic properties in part of borehole CHAM-09-01. The red, blue, 
green, and brown lines are logs of natural gamma radiation, shear (S-wave) velocity, and magnetic susceptibility. 
The red horizontal bars record the amount of dolomite (in percent) of the total carbonate content. A complete log of 
the geology in this borehole is provided in table 2-3. The magnetic susceptibility and carbonate content data were 
provided by David Grimley.
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Figure 2-17 Geological and geophysical properties in part of borehole CHAM-07-03A. The red, blue, green, and 
lines are logs of natural gamma radiation, spontaneous potential, and single point resistance.  A complete log of the 
geology in this borehole is provided in table 2-3.
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Sand, silt, and diamicton; 
interbedded [DIAMICTON]
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Sand and gravel; pebbly 
[SAND]
(274.0)
Shale; gray [BEDROCK]
Figure 2-18 Continuous core from borehole CHAM-08-04 containing reddish gray-colored diamicton (till) assigned to the Hillery Member of the 
Banner Formation (geologic mapping unit 5PIL, subunit 5PIL2) lies below a gray-colored diamicton (till) assigned to the Tilton Member of the 
Banner Formation (geologic mapping unit 5PIL, subunit 5PIL1) and sand and gravel assigned to Unnamed tongue 2 of the Pearl Formation 
(geologic mapping unit 8IL, subunit 8IL2). Remnants of the Yarmouth Geosol is represented by oxidation of the diamicton (red color) and clay 
accumulations (eluvial clay) in the Hillery Member till. The core shown was collected between 150–174.5 feet depth. The top of the core in this box 
is at the bottom-left corner. Approximately 2 feet of sand and gravel assigned to the Pearl Formation was recovered between 150-155 feet. Only 0.5 
feet of the Tilton Member till was recovered between 155-165 feet. See table 2-3 for the description of geologic materials in this borehole. 
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Figure 2-19 Geological and geophysical properties in part of borehole PIAT-09-02A. The red, blue, green lines are 
logs of natural gamma radiation, conductivity, and resistivity, respectively. A complete log of the geology in this 
borehole is provided in table 2-3. 
0 10 20 30 40
miles
Diamicton deposited as till and
ice-marginal sediment
Unglaciated
Predominantly diamicton deposited as till
and ice-marginal sediment 
Till plain
End moraine
Diamicton deposited as till and
ice-marginal sediment
Sand and gravel deposited
in glacial rivers and outwash fans, and ice-
contact sand and gravel deposited in ridges
Silt and clay deposited in lakes
Till plain
End moraine
Sand and gravel deposited
in glacial rivers, outwash fans,
beaches, and dunes
Silt and clay deposited
in lakes 
River sand, gravel,
and silt
PRE-ILLINOIS EPISODE
ILLINOIS EPISODE
WISCONSIN EPISODE
HUDSON EPISODE
Figure 2-20 Surficial deposits of Illinois (from Hansel and Johnson 1996). The project area is outlined by the red 
lines, and the area overlain by the‘Ridged-Drift’ deposits is outlined by the black line.
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Figure 2-21 Continuous core from borehole CHAM-03-03 containing interstratified diamicton and sand and gravel assigned to Unnamed unit 1 of 
the Glasford Formation (geologic mapping unit 6IL, subunit 6PIL1). The core shown is from 107–124 feet depth. The top of the core is in the 
bottom-left corner. See table 2-3 for the description of geologic materials in this borehole. 
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Figure 2-22 Logs of natural gamma radiation in Illinois Episode deposits from selected boreholes in the project 
area. Part of the continuous core collected in borehole CHAM-03-03 from subunit 6IL1 is shown in figure 2-21. The 
full logs of the geology in these boreholes are provided in table 2-3. The locations of the boreholes are also shown in 
figure 2-13. 
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Figure 2-23 Grain size data and natural radiation measurements of diamicton assigned to the Vandalia Member of the Glasford Formation from 
borehole CHAM-03-03 between 130–205 feet. A graph of grain size, measurements made using the Analysette 22 Laser Particle Size Analyzer from 
Fritsch GmbH, shows some variations in the distribution within the diamicton that generally corresponds with shifts (right - finer, left - coarser) of 
the log of natural gamma radiation (from Jia 2011).
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Figure 2-24 Distribution of sand and gravel within geologic mapping unit 6IL. The proportional circles denote the 
presence or absence of sand and gravel. The large circles represent information obtained in boreholes having 
continuous cores, samples of drill cuttings, or logs of natural gamma radiation. The small circles denote boreholes 
that have only logs of the geology compiled by geologists, engineers, and water well drillers. The layers of sand and 
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Figure 2-25 Geological and geophysical properties in part of borehole CHAM-09-02A. The red, blue, green lines 
are logs of natural gamma radiation, P-wave velocity, and S-wave velocity, respectively. A complete log of the 
geology in this borehole is provided in table 2-3. 
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Figure 2-26 Geological and geophysical properties in part of borehole CHAM-09-06. The red, blue, green lines are 
logs of natural gamma radiation, P-wave velocity, and S-wave velocity, respectively. A complete log of the geology in 
this borehole is provided in table 2-3. 
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Figure 2-27 Geologic, geophysical, and mineralogical properties in part of borehole CHAM-09-07. The red and 
brown lines are logs of natural gamma radiation and magnetic susceptibility. A complete log of the geology in this 
borehole is provided in table 2-3.
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Figure 2-28 Geologic logs for boreholes drilled to install water wells located in the area underlain by Unnamed unit 2 of the Glasford Formation 
and outside. The logs for boreholes drilled into subunit 6IL2 commonly provide more detail than boreholes drilled outside the area for the same 
purpose. The inset maps shows the location of boreholes and the area underlain by subunit 6IL2 and the project area (outlined by blue line).  
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5WI3
6IL
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6IL
2
5PIL3
(65.0 feet)
Diamicton; sandy [TILL]
(70.0)
Diamicton; sandy; dark
gray [DIAMICTON]
(93.0)
Diamicton; sandy and silty;
dark gray [DIAMICTON]
(128.5)
Silt and clay; pinkish gray
[SILT]
(135.0)
Diamicton; gray; poor
recovery [DIAMICTON]
(156.5)
Silt and clay; gray; poor
recovery [SILT]
(168.0)
Sand; some clay and silt
brownish gray [SAND]
(192.0)
Sand; fine to coarse
brownish gray [SAND]
(231.0)
Diamicton; olive to gray
poor recovery [TILL]
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Figure 2-29 Geological and geophysical properties in part of borehole CHM-98A. The red line is a log of natural 
gamma radiation. A complete log of the geology in this borehole is provided in table 2-3. 
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Diamicton; sandy and gravelly;
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Silt, sand, diamicton, and clay;
stiff to loose [SILT]
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Sand and gravel; fine to coarse sand
with some pebbles [SAND]
(135.0)
Silt and clay; laminated [SILT]
(142.0)
Sand; very fine to medium;
silty [SAND]
(153.0)
Sand and gravel; fine to medium
sand [SAND]
(163.4)
Sand; very fine to medium [SAND]
(174.0)
Silt, sand, and clay [SILT]
(178.6)
Diamicton; silt loam; gray [TILL]
(160.0)
Sand; very fine to fine [SAND]
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Figure 2-30 Geological and geophysical properties in part of borehole CG-3-92. The red line is a log of natural 
gamma radiation. A complete log of the geology in this borehole is provided in table 2-3. 
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Figure 2-31 Diagram of a typical ice-marginal environment. Along the edge of the receding glaciers, recessional or end moraines (EM) are formed. These 
landforms are composed of diamicton (till), material that was carried at the base of the ice and within the glacier. As the ice melts, undulating to hummocky 
deposits of sediment (HM) are formed by debris flowing off the ice and the melting of stagnant, debris-rich ice. Kettle lakes (K) developed in low-lying areas 
formed where blocks of clean ice melted in place. Meltwater streams draining water from the glacier deposit sand and gravel forming outwash plains (OP). A 
system of braided stream channels (BS) develop across the widest plains. Where drainage is blocked either by ice or sediment, glacial lakes (G) are ponded until 
outlets are cut through the sediment or confining ice melts. Fans or deltas (F) are formed where meltwater enters lakes or flows onto flatter land. On and under 
the ice, drainage channels form that carry meltwater to the ice margin. Some surface meltwater drains downward through the ice depositing sediment forming 
kames (KM). In some subglacial channels, sand and gravel is deposited as the meltwater flow weakens. This sediment commonly composes sinuous ridges called 
eskers (EK). The original artwork was drafted by C. Briedis and digitized by B. Stiff.
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Table 2-1  Geologic and hydrostratigraphic classification systems for deposits of the Quaternary Period in east-central Illinois.
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deposits of 
sand/gravel
Marker bed 1 
(Robein Silt, 
Berry Clay, 
Roxana Silt, 
Sangamon 
Soil)
Marker bed 2 
(Lierle Clay 
and 
Yarmouth 
Soil) over 
Tilton 
Member and 
Hillery 
Member with 
local 
deposits of 
sand/gravel
1. Willman and Frye (1970): ISGS Bulletin 94
2. Willman (1975): ISGS Bulletin 95
3. Richards and Visocky (1982): Illinois State Water 
Survey Circular 153
4. Kempton et al. (1991): GSA Special Paper 258
5. Kempton and Visocky (1992): Illinois State 
Geological Survey and Illinois State Water Survey 
Cooperative Groundwater Report 13
6. Wilson et al. (1994): llinois State Water Survey and 
Illinois State Geological Survey Cooperative Ground-
Water Report 16
7. Herzog et al. (1995): llinois State Geological Survey 
and Illinois State Water Survey Cooperative 
Groundwater Report 17
8. Kempton and Herzog (1996): llinois State 
Geological Survey, Open File Series1996-9
9. Wilson et al. (1998): Illinois State Geological Survey 
and Illinois State Water Survey Cooperative 
Groundwater Report 19
10. Soller et al. (1999):  United States Geologucal 
Survey, Map I-2669
11. Larson et al. (2003): Illinois State Geological 
Survey Environmental Geology 155
Reports Referenced in the Table
Previous Studies Current Study
5WI
Pebbly clay 
(glacial till)
Wedron 
Group 
(including thin 
and 
discontinous 
deposits of 
sand and 
gravel) 
Richland 
Loess
Sand (%) Silt (%) Clay (%) X-ray DiffractionClay Mineralogy
Carbonate 
Content
5WI1 : 45 39 16 78% nd moderate nd
       5WI2 : 22–47 26–54 25–39 69–84 % illite 24–28 % moderate to high 10–37
5WI3 :  26–59 7–37 14–39 65–77 % illite 22–28 % moderate to high   5–56
Ashmore 
Tongue
(8WI)
(higher expandables) nd low to moderate  nd
6IL1 : 1–62 22–87 10–40 11–75 % illite 0–39 % variable   4–85
6IL2 : 32–46 31–54 14–35 67–76 % illite nd variable  nd
5IL1 : 1–56 27–77 11–52 nd 21–36 % moderate to high 20–44
2IL : 24–51 26–57 15–35 42–73 % illite nd high  nd
Pearl 
Formation
(8IL)
8IL1 : nd nd low to moderate  nd
  5PIL1 : 11–46 35–65 19–24 nd 11% moderate to high   7–37
  5PIL2 : 24–43 29–51 23–35 nd 16–25 % moderate to high   8–78
5PIL3 :          24–46 28–52 23–33 nd   7–19 % high to moderate   6–30
2PIL1 : 0–53 22–76 17–72 nd   7–29 % very high   4–24
2PIL2 : 17 53 30 nd nd high  nd
  4PIL1 : 12–39 38–58 23–35 30–40 % illite nd mod 1–7
8PIL1 : nd 32–40 % low nd
5PIL4 : 23–40 30–40 29–37 53–72 % illite nd high to moderate   74–108
8PIL2 : higher expandables 24–42 % low nd
4PIL2 : 1–39 18–83 16–67 38–89 % illite  (high chlorite) 0-21 % variable (often higher) 9–31
11 nd nd nd
64-85 % illiite
v. low expandable
higher kaolinite
nd variable (often higher) nd
Table 2-2 Physical and chemical properties of geologic materials in the project area.
1Sand = % >63 μm; silt = % 4–63 μm; clay = % <4 μm (proportions in the <2-mm fraction). Clay mineralogy = proportions of expandables, illite, and kaolinite/chlorite (in 
the <4-μm clay mineral fraction) using the Scintag x-ray diffractometer.
2Downhole data: relative intensity of natural gamma radiation in counts/second (CPS) and magnetic susceptibility (MS) measured as 10-5 S.I. units.
nd: no data available.
––  >50 % sand; some gravel  ––
–– >50 % sand; some gravel/silt ––
–– >25% sand; some gravel ––
Bedrock
Glasford 
Formation
(6IL)
– generally >50 % sand; some gravel –
Downhole Measurements2Geologic Materials
Particle Size and Compositional Data1
Mapping Unit Subunit Natural Gamma Radiation (CPS)
Wisconsin 
Episode
(5WI)
Glasford 
Formation
(5IL)
Pre-Illinois 
Episode
(5PIL)
Mahomet 
Sand 
Member
(8PIL)
Magnetic 
Susceptibility 
(MS)
ISGS ID: 120192584600 (CHAM-03-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 26.0 SAND 5WI, subunit 7WI Henry Formation 
26.0 42.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
42.0 50.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
50.0 127.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
127.0 140.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
140.0 165.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
165.0 208.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
208.0 231.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
231.0 242.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
242.0 316.6 CLAYSTONE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192640900 (CHAM-03-02) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
39.0 
78.0 
106.0 
187.0 
208.0 
213.0 
237.0 
243.0 
261.0 
319.0 
39.0 
78.0 
106.0 
187.0 
208.0 
213.0 
237.0 
243.0 
261.0 
319.0 
324.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
TILL, pink 
TILL, light brown 
SAND AND SILT 
SAND AND GRAVEL 
SAND AND GRAVEL 
BEDROCK 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
6IL, subunit 6IL2 
5IL, subunit 5IL1 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
8PIL, subunit 4PIL1 
8PIL, subunit 8PIL1 
8PIL, subunit 8PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Unnamed unit 2, Glasford Formation 
Vandalia Member, Glasford Formation 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 3, Banner Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Bedrock 
 
 
 
ISGS ID: 120192641000 (CHAM-03-03) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 42.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
42.0 74.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
74.5 91.0 SAND AND GRAVEL 8WI Henry Formation 
91.0 135.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
135.0 199.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
199.0 205.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
205.0 225.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
225.0 229.0 SILT AND DIAMICTON 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
229.0 314.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
314.0 359.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
359.0 372.0 SHALE 11, subunit 11R Bedrock 
 
 
 
 
 
 
ISGS ID: 120192631200 (CHAM-07-03A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0  14.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
14.5 37.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
37.5 107.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
107.0 132.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
132.0 163.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
163.0 172.5 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
172.5 214.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
214.0 221.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
221.0 229.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
229.0 247.0 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
247.0 274.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
274.0 299.0 SHALE 11, subunit 11a Bedrock 
 
 
 
 
 
ISGS ID: 120192641200 (CHAM-08-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 14.0 SAND AND SILT 5WI, subunit 4WI Cahokia Formation 
14.0 35.5 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
35.5 102.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
102.0 119.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
119.0 125.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
125.0 162.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
162.0 173.5 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
173.5 175.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
 
 
 
 
ISGS ID: 120192641400 (CHAM-08-03A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
21.5 
93.0 
110.0 
173.0 
197.0 
231.0 
263.0 
274.0 
306.0 
333.0 
363.0 
21.5 
93.0 
110.0 
173.0 
197.0 
231.0 
263.0 
274.0 
306.0 
333.0 
363.0 
365.0 
TILL, brown 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
TILL, pink 
TILL, light brown 
SAND AND SILT 
SAND AND GRAVEL 
SAND AND GRAVEL 
DIAMICTON/SILT 
SHALE 
5WI, subunit 5WI1 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
8WI 
6IL, subunit 6IL1 
5IL, subunit 5IL1 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
8PIL, subunit 4PIL1 
8PIL, subunit 8PIL1 
8PIL, subunit 8PIL2 
11, subunit 11R 
Yorkville Member, Lemont Formation 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Henry Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 3, Banner Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Bedrock 
 
 
 
 
ISGS ID: 120192642400 (CHAM-08-04) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 34.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
34.0 74.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
74.0 114.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
114.0 130.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
130.0 147.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
147.0 156.0 SAND AND GRAVEL 8IL, subunit 8IL2 Unnamed tongue 2, Pearl Formation 
156.0 165.0 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
165.0 201.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
201.0 218.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
218.0 244.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
244.0 259.5 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
259.5 297.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
297.0 300.0 SHALE 11, subunit 11R Bedrock 
 
 
ISGS ID: 120192642800 (CHAM-08-07A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
34.0 
65.5 
79.0 
143.0 
190.0 
207.0 
212.0 
230.0 
238.0 
258.0 
272.0 
276.5 
34.0 
65.5 
79.0 
143.0 
190.0 
207.0 
212.0 
230.0 
238.0 
258.0 
272.0 
276.5 
284.3 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SILT, olive 
TILL, pink 
TILL, light brown 
SILT AND CLAY, brown 
SAND AND SILT 
TILL, red 
SAND AND GRAVEL 
DIAMICTON/SILT 
SHALE 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL 
5IL, subunit 2IL 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
5PIL, subunit 2PIL2 
8PIL, subunit 4PIL1, 
8PIL, subunit 5PIL4 
8PIL, subunit 5PIL4 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue, Teneriffe Silt 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 2, Banner Formation 
Unnamed unit 3, Banner Formation 
West Lebanon Member, Banner Formation 
West Lebanon Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
ISGS ID: 120192642900 (CHAM-08-09A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 29.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
29.0 41.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
41.0 56.5 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
56.5 76.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
76.0 162.5 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
162.5 171.5 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
171.5 186.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
186.0 201.0 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
201.0 289.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
289.0 316.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
316.0 339.0 SAND AND GRAVEL 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
339.0 345.0 SILTSTONE 11, subunit 11R Bedrock 
 
ISGS ID: 120192647900 (CHAM-08-10A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
82.0 
102.7 
129.5 
179.0 
203.6 
251.5 
262.0 
279.0 
301.0 
82.0 
102.7 
129.5 
179.0 
203.6 
251.5 
262.0 
279.0 
301.0 
302.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
TILL, gray 
TILL, pink 
SILT AND CLAY, pink 
TILL, light brown 
DIAMICTON/SILT 
BEDROCK 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL1 
5PIL, subunit 5PIL1  
5PIL, subunit 5PIL2 
5PIL, subunit 2PIL1 
5PIL, subunit 5PIL3 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Tilton Member, Banner Formation 
Hillery Member, Banner Formation 
Unnamed unit 1, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
 
 
 
ISGS ID: 120192651100 (CHAM-09-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 59.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
59.5 99.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
99.0 180.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
180.0 200.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
200.0 218.0 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
218.0 257.5 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
257.5 275.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
275.0 299.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
299.0 303.4 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
303.4 372.0 SHALE 11, subunit 11R Bedrock 
 
 
 
 
 
ISGS ID: 120192652900 (CHAM-09-02A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 67.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
67.5 95.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
95.0 116.5 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
116.5 164.4 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
164.4 186.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
186.0 200.2 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
200.2 226.5 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
226.5 240.5 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
240.5 247.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
247.0 250.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
250.0 258.0 SHALE 11, subunit 11R Bedrock 
 
ISGS ID: 120192653600 (CHAM-09-03A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 24.0 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
24.0 36.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
36.5 48.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
48.0 58.0 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
58.0 76.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
76.0 111.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
111.0 126.3 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
126.3 138.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
138.0 149.9 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
149.9 172.5 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
172.5 194.5 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
194.5 228.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
228.0 310.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
310.0 329.0 DIAMICTON 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
329.0 332.5 SHALE AND LIMESTONE 11, subunit 11R Bedrock 
 
 
 
 
ISGS ID: 120192654800 (CHAM-09-06) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
50.0 
65.0 
126.0 
132.0 
138.5 
165.2 
169.0 
175.0 
179.6 
50.0 
65.0 
126.0 
132.0 
138.5 
165.2 
169.0 
175.0 
179.6 
210.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
TILL, pink 
SILT AND CLAY, pink 
TILL, light brown 
DIAMICTON 
CLAYSTONE OR LIMESTONE 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL1 
8IL, subunit 8IL2 
5PIL, subunit 5PIL2 
5PIL, subunit 2PIL1 
5PIL, subunit 5PIL3 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 2, Pearl Formation 
Hillery Member, Banner Formation 
Unnamed unit 1, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
 
 
ISGS ID: 120192656500 (CHAM-09-07) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 9.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
9.0 24.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
24.0 29.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
29.0 35.0 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
35.0 147.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
147.5 234.1 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
234.1 240.0 SAND AND SILT 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
240.0 251.5 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
251.5 281.8 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
281.8 296.0 SHALE AND SILTSTONE 11, subunit 11R Bedrock 
 
 
ISGS ID: 120532134000 (FORD-08-01A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
33.0 
48.0 
55.0 
67.0 
119.0 
152.0 
176.0 
187.0 
200.0 
323.0 
330.0 
355.0 
33.0 
48.0 
55.0 
67.0 
119.0 
152.0 
176.0 
187.0 
200.0 
323.0 
330.0 
355.0 
362.0 
TILL, brown 
TILL, dark gray 
TILL, pinkish gray 
SAND AND GRAVEL 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
TILL, pink 
SAND AND SILT 
SAND AND GRAVEL 
TILL, red 
SAND AND GRAVEL 
BEDROCK 
5WI, subunit 5WI1 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
8WI 
6IL, subunit 6IL1 
5IL, subunit 5IL1 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
8PIL, subunit 4PIL1 
8PIL, subunit 8PIL1 
8PIL, subunit 5PIL4 
8PIL, subunit 8PIL2 
11, subunit 11R 
Yorkville Member, Lemont Formation 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Henry Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 3, Banner Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
West Lebanon Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Bedrock 
 
 
 
ISGS ID: 121132464500 (MCLN-08-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
22.0 
50.0 
74.0 
120.0 
150.5 
160.0 
196.0 
200.5 
204.0 
241.0 
245.0 
22.0 
50.0 
74.0 
120.0 
150.5 
160.0 
196.0 
200.5 
204.0 
241.0 
245.0 
247.5 
TILL, dark gray 
TILL, pinkish gray 
SAND AND GRAVEL 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SILT, olive 
TILL, pink 
TILL, light brown 
SAND AND SILT 
TILL, red 
DIAMICTON/SILT 
LIMESTONE 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
8WI 
6IL, subunit 6IL1 
5IL, subunit 5IL 
5IL, subunit 2IL 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
8PIL, subunit 4PIL1, 
8PIL, subunit 5PIL4 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Ashmore Tongue, Henry Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue, Teneriffe Silt 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 3, Banner Formation 
West Lebanon Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
 
ISGS ID: 120192662200 (NIWC 57-1) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
76.5 
97.0 
201.0 
224.0 
245.0 
274.0 
295.0 
331.0 
76.5 
121.5 
201.0 
224.0 
245.0 
274.0 
295.0 
331.0 
333.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
SAND AND GRAVEL 
SAND AND GRAVEL 
DIAMICTON/SILT 
SHALE 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL 
8IL, subunit 8IL1 
8PIL1, subunit 8PIL1 
8PIL1, subunit 8PIL2 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
ISGS ID: 120192662300 (NIWC 57-2) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
76.5 
118.5 
194.0 
222.0 
244.7 
274.0 
295.0 
84.0 
118.5 
194.0 
222.0 
244.7 
274.0 
295.0 
310.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
SAND AND GRAVEL 
SAND AND GRAVEL 
DIAMICTON/SILT 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL 
8IL, subunit 8IL1 
8PIL1, subunit 8PIL1 
8PIL1, subunit 8PIL2 
11, subunit 4PIL2 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Unnamed unit 4, Banner Formation 
 
 
ISGS ID: 121472136400 (PIAT-02-04) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
61.0 
118.0 
173.0 
217.0 
260.0 
299.0 
324.6 
61.0 
118.0 
173.0 
217.0 
260.0 
299.0 
324.6 
326.4 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
SAND AND GRAVEL 
SAND AND GRAVEL 
DIAMICTON/SILT 
MUDSTONE 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL 
8IL, subunit 8IL1 
8PIL1, subunit 8PIL1 
8PIL1, subunit 8PIL2 
11, subunit 4PIL2 
11, subunit 11R 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
ISGS ID: 121472157000 (PIAT-08-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
26.0 
82.0 
154.0 
175.5 
184.0 
188.2 
204.5 
225.0 
26.0 
82.0 
154.0 
175.5 
184.0 
188.2 
204.5 
225.0 
240.0 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
TILL, pink 
SAND AND SILT 
TILL, red 
DIAMICTON/SILT 
SILTSTONE 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL 
8IL, subunit 8IL1 
5PIL, subunit 5PIL2 
8PIL, subunit 4PIL1, 
8PIL, subunit 5PIL4 
11, subunit 4PIL2 
11, subunit 11R 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
Hillery Member, Banner Formation 
Unnamed unit 3, Banner Formation 
West Lebanon Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
ISGS ID: 121472157300 (PIAT-08-02) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
    0.0 9.5 SILT 5WI, subunit 4WI1 Cahokia Formation 
  19.5 24.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
  24.0 87.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
  87.5 124.4 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
124.4 145.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
145.0 165.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
165.0 179.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
179.0 257.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
256.0 261.0 SAND AND GRAVEL 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
261.0 274.0 SHALE AND SILSTONE 11, subunit 11R Bedrock 
 
ISGS ID: 121472159300 (PIAT-09-02A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
20.0 
134.5 
213.0 
251.0 
276.5 
20.0 
134.5 
213.0 
251.0 
276.5 
280.0 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
SAND AND GRAVEL 
SAND AND GRAVEL 
SAND AND GRAVEL 
BEDROCK 
5WI, subunit 5WI3 
6IL, subunit 6IL2 
8IL, subunit 8IL1 
8PIL, subunit 8PIL1 
8PIL, subunit 8PIL2 
11, subunit 11R 
Tiskilwa Formation 
Unnamed unit 2, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
Unit 1, Mahomet Sand Member, Banner Formation 
Unit 2, Mahomet Sand Member, Banner Formation 
Bedrock 
 
 
 
ISGS ID: 121472623600 (CHM-98A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
56.0 
70.0 
93.0 
231.0 
56.0 
70.0 
93.0 
231.0 
248.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
DIAMICTON, SILT, AND SAND 
TILL, light brown 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
6IL, subunit 6IL2 
5PIL, subunit 5PIL3 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Unnamed unit 2, Glasford Formation 
Harmattan Member, Banner Formation 
 
 
 
ISGS ID: 121472406600 (CG-3-92) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
59.0 
87.0 
111.0 
178.0 
189.0 
216.0 
241.0 
261.0 
59.0 
87.0 
111.0 
178.0 
189.0 
216.0 
241.0 
261.0 
280.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
TILL, pink 
TILL, light brown 
DIAMICTON/SILT 
BEDROCK 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
6IL, subunit 6IL2 
5IL, subunit 5IL 
5PIL, subunit 5PIL2 
5PIL, subunit 5PIL3 
11, subunit 4PIL2 
11, subunit 11R 
Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Unnamed unit 2, Glasford Formation 
Vandalia Member, Glasford Formation 
Hillery Member, Banner Formation 
Harmattan Member, Banner Formation 
Unnamed unit 4, Banner Formation 
Bedrock 
 
 
 
Smectite Illite Kaolinite Chlorite
Subunit 6IL1: (46 samples)
Mean 4.72 69.81 6.54 18.93 0.50
Standard Deviation 6.43 5.41 1.95 2.75 0.28
Maximum Value 34.45 75.02 11.94 27.91 1.35
Minimum Value 0.94 48.72 3.56 11.50 0.14
Subunit 6IL2: (9 samples)
Mean 2.08 72.10 7.43 18.38 0.46
Standard Deviation 1.34 2.67 1.35 1.85 0.06
Maximum Value 5.80 76.11 9.63 21.46 0.53
Minimum Value 1.20 66.80 5.48 15.73 0.35
Subunit 5IL1 (58 samples)
Mean 3.85 69.75 7.51 18.88 0.49
Standard Deviation 3.75 4.66 1.97 1.85 0.24
Maximum Value 19.77 74.73 11.96 23.00 1.25
Minimum Value 0.91 55.87 3.70 13.70 0.14
Clay Mineral Composition Calcite/
Dolomite 
Ratio
Note: three samples (oxidized diamicton or sand and gravel) from subunit 6IL1 had clay mineral 
compositions that differed by more than twice the mean, and therefore were excluded from the 
calculations.
Table 2-4  Summary statistics for the clay mineral and carbonate compositions of materials assigned to 
subunits 6IL1, 6IL2, and 5IL1.
Figure 3-1 Generalized geology and hydrostratigraphic units and non-aquifer units in east-central Illinois (from 
Selkregg and Kempton 1958).
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Figure 3-2 Thickness of sand and gravel composing the Mahomet aquifer in the project area. The project area is 
outlined by the solid blue line. The extent of the Mahomet Bedrock Valley is delineated by the green line. The axes of the 
bedrock valleys are delineated by the black dotted and dashed lines. The dotted lines delineate the extension of the 
tributary bedrock valleys across the Mahomet Bedrock Valley.
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Figure 4-1 Type and location of boreholes from which data was acquired to develop the 3-D geologic model in the 
project area. The project area is outlined by the solid blue line. The total number of records available for each type of 
borehole are in parentheses. 
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Figure 4-2 Example of material descriptions (DESCRIPTION) and their corresponding standard term from the data 
dictionary.
DESCRIPTION LITHOLOGY COLOR CONSISTENCY MODIFIER 1 MODIFIER 2 INTERPRETED
clay, brown CLAY BROWN CLAY
clay, brown & blue CLAY GRAY CLAY
clay, brown & gravel CLAY AND GRAVEL BROWN CLAY AND GRAVEL MIX
clay, brown & sand CLAY AND SAND BROWN CLAY AND SAND MIX
clay, brown & yellow CLAY YELLOW CLAY
clay, brown (till) CLAY BROWN CLAY
clay, brown ,silty pebbly (till) CLAY BROWN SILTY CLAY
clay, brown and blue CLAY BROWN CLAY
clay, brown and blue, mixed CLAY BROWN CLAY
clay, brown and blue,mixed CLAY BROWN CLAY
clay, brown and sand CLAY AND SAND BROWN CLAY AND SAND MIX
clay, brown black clayey earth CLAY BROWN CLAYEY CLAY
clay, brown gravelly CLAY BROWN GRAVELLY CLAY
clay, brown to green downward CLAY GREEN CLAY
clay, brown w/ sand streaks CLAY WITH SAND STREAKS BROWN CLAY WITH SAND SEAMS
clay, brown, gravelly CLAY BROWN GRAVELLY CLAY
clay, brown, gray-brown CLAY BROWN CLAY
clay, brown, hard CLAY BROWN HARD CLAY
clay, brown, hard, gravelly CLAY BROWN HARD GRAVELLY CLAY
clay, brown, sand & gravel CLAY AND SAND BROWN GRAVELLY CLAY AND SAND MIX
clay, brown, sandy CLAY BROWN SANDY CLAY
clay, brown, silty CLAY BROWN SILTY CLAY
clay, brown, silty, sandy CLAY BROWN SILTY SANDY CLAY
clay, brown, silty, some organic material CLAY BROWN SILTY ORGANIC CLAY
clay, brown, smooth, calcareous CLAY BROWN SMOOTH CLAY
clay, brown, soft CLAY BROWN SOFT CLAY
clay, brown, sticky CLAY BROWN STICKY CLAY
clay, brown, stoney CLAY BROWN GRAVELLY CLAY
clay, brown, stony CLAY BROWN GRAVELLY CLAY
clay, brown, very fine CLAY BROWN FINE CLAY
clay, brown, with boulders BOULDERS AND CLAY BROWN BOULDERY MATERIAL
clay, brown, with sand and gravel CLAY WITH GRAVEL BROWN SANDY CLAY AND GRAVEL MIX
clay, brown/gray CLAY BROWN CLAY
clay, brown; sand, brown, hard CLAY AND SAND BROWN HARD CLAY AND SAND MIX
clay, brown; sand, brown, soft CLAY AND SAND BROWN SOFT CLAY AND SAND MIX
clay, brown; some gravel (till) CLAY WITH GRAVEL BROWN CLAY AND GRAVEL MIX
clay, brown-black clayey earth CLAY BROWN CLAYEY CLAY
clay, brown-gray mottled CLAY BROWN CLAY
clay, brownish CLAY BROWN CLAY
clay, brownish cast. no stones CLAY BROWN CLAY
clay, brownish gray CLAY BROWN CLAY
clay, brownish gray, very soft, sticky CLAY BROWN SOFT CLAY
clay, brownish gray; sticky, smooth CLAY BROWN STICKY CLAY
limestone soft, gray BEDROCK GRAY SOFT LIMESTONE BEDROCK
AB
Figure 4-3 Images of computer screen windows showing Microsoft Office Access® user interface forms for 
standardizing descriptive terms in the database of subsurface geologic information. A) List of descriptive terms (in 
the DESCRIPTION field above) from original record and assigned standard terms (in the LITHOLOGY, COLOR, 
CONSISTENCY, MOD1 and MOD2 fields above chosen from the corresponding lookup table (fig. 4-4)). Note the 
unique values in the field named “DESCRIPTION” and the corresponding standard terms to the right of that 
column. Most of these terms in the DESCRIPTION field are notes from water-well drillers’ records and include 
various combinations of words that may describe similar geologic materials. Record highlighted shows the selection 
of the standard color term from a drop list of standard color terms.  B) Form for making queries to narrow term 
selections and populating the data dictionary with new values.
Figure 4-4 Image of a computer screen database window showing database lookup tables (LUT_COLOR, 
LUT_CONSISTENCY, LUT_LITHOLOGY, LUT_MOD1,and  LUT_MOD2) with standardized terminologies. 
Combinations of standardized terms in the five tables are intended to replicate or mimic the string of terms in the 
"DESCRIPTION" field (original notes recorded by the driller on the water-well record) in the database. Each term 
in each table above could occur with any other term in another lookup table in the resulting table of standardized 
terms (fig. 4-3).
Figure 4-5 A) "Interpreted" lookup table.  B) Cross reference for “Interpreted” lithologic terms and “Lithology” 
lithologic terms. The cross reference for “CLAY AND SAND MIX” is highlighted.
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Figure 5-1 Overview of the drilling operation and borehole geophysical logging techniques used in this project. Fifty-nine boreholes were drilled for this project 
using CME-75 and Mobil-50 rigs operated by the ISGS (A). Continuous core from the land surface into bedrock (B) were collected to characterize the subsurface 
materials (B). These cores provide direct evidence of deposition by ice (till) and associated meltwater (sand, silt, clay, and gravel) (C) that accumulated under 
and in front of glaciers (C). Once the drilling was completed, geophysical data (e.g., natural gamma radiation) were collected in the borehole (D). This informa-
tion is further interpreted to obtain additional information on the physical character, mineralogy, and hydraulic properties of subsurface geologic materials .
Figure 5-2 A schematic diagram showing the elements of construction for groundwater monitoring wells in this 
project.    
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Figure 6-1 Location of seismic reflection surveys areas in the project area. The seismic survey areas identified are 
shown in more detail in figs. 6-2, 6-3, and 6-4. Geologic cross sections E-E´,G-G´, and H-H´ are shown in plate 1, 
fig. 6-6, and fig. 6-12, respectively.    
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Figure 6-2 Location of survey lines along which P-wave seismic data were collected west of the City of Champaign 
(seismic survey area 1 in fig. 6-1). The surficial geology was clipped from a preliminary surficial geology map of 
Champaign County and adjacent counties discussed in Chapter 17. The boreholes along or in the vicinity of the 
survey lines are shown (red dots). The logs of the geology in these boreholes are provided in table 6-1.
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shown (blue dots). The logs of the geology in these boreholes are provided in table 6-1.
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Figure 6-4 Location of survey lines along which P-wave and S-wave seismic data were collected in northeastern 
Champaign County and southern Ford County (seismic survey area 3 in fig. 6-1). The surficial geology was clipped 
from a preliminary surficial geology map of Champaign County and adjacent counties discussed in Chapter 17. The 
boreholes along or in the vicinity of the survey lines are shown (red dots). The logs of the geology in these boreholes 
are provided in table 6-1.
Figure 6-5 Photographs showing the acquisition of surface seismic data using the P-wave land streamer (A) and S-wave (shear wave) seismic land streamer (B).
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Figure 6-6 Geologic cross section in seismic area 1 along the east to west transect of survey Line 717, which crosses the Bondville well field (see fig. 6-2). See 
fig. 6-1 for location of the cross section. Borehole logs of natural gamma radiation are delineated by the red lines. 
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Figure 6-7 P-wave seismic reflection data collected from the Line 717 survey conducted along County Road 1800N in the seismic survey area 1 (figs. 6-1 and 
6-2). The relative amplitude time is shown in profile on the upper cross section, the phase attribute data in profile on the middle section, and depth-converted 
data with seismic units in profile on the lower section. The reference boreholes along the survey line are shown. The logs of the geology in these boreholes are 
provided in table 6-1. Descriptions of seismic units A to D are provided in the text. Borehole logs of natural gamma radiation are delineated by the red lines.  
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Figure 6-8 P-wave seismic reflection data collected from the Line 720 survey conducted along County Road 1700N in the seismic survey area 1 (figs. 6-1 and 
6-2). The relative amplitude time is shown in profile on the upper cross section, the phase attribute data in profile on the middle section, and depth-converted 
data with seismic units in profile on the lower section. Descriptions of seismic units A to D are provided in the text.
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Figure 6-9 P-wave seismic reflection data collected from the Line 722 survey conducted along County Road 1675N in the seismic survey area 1 (figs. 6-1 and 
6-2). The relative amplitude time is shown in profile on the upper cross section, the phase attribute data in profile on the middle section, and depth-converted 
data with seismic units in profile on the lower section. Descriptions of seismic units A to D are provided in the text.
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Figure 6-10 P-wave seismic reflection data collected from the Line 721 survey conducted along County Road 400E in the seismic survey area 1 (figs. 6-1 and 
6-2). The relative amplitude time is shown in profile on the upper cross section, the phase attribute data in profile on the middle section, and depth-converted 
data with seismic units in profile on the lower section. The reference borehole along the survey line is shown. The log of the geology in the borehole is provided in 
table 6-1. Descriptions of seismic units A to D are provided in the text.
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Figure 6-11 P-wave seismic reflection data collected from the Line 725 survey conducted along County Road 600E in the seismic survey area 1 (figs. 6-1 and 
6-2). The relative amplitude time is shown in profile on the upper cross section, the phase attribute data in profile on the middle section, and depth-converted 
data with seismic units in profile on the lower section. Descriptions of seismic units A to D are provided in the text. 
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Figure 6-12 Geologic cross section in Area 2 seismic survey area that partially overlaps seismic survey line 710. See fig. 6-1 for the location of the cross section. 
The logs of the geology in the boreholes are provided in table 6-1. Borehole logs of natural gamma radiation are delineated by the red lines. 
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Figure 6-13 P-wave seismic reflection data collected from the Line 710 and Line 901 surveys conducted along County Road 800E in the seismic survey area 2 
(figs. 6-1 and 6-3). The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower 
section. The reference borehole along the survey line is shown. The log of the geology in the borehole is provided in table 6-1. Descriptions of seismic units E to J 
are provided in the text. Borehole log of natural gamma radiation is delineated by the red line. 
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Figure 6-14 P-wave seismic reflection data collected from the Line 801 survey conducted along County Road 700E in the seismic survey area 2 (figs. 6-1 and 
6-3). The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. The 
reference borehole along the survey line is shown. The log of the geology in the borehole is provided in table 6-1. Descriptions of seismic units E to J are provided 
in the text. Borehole log of natural gamma radiation is delineated by the red line.  
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Figure 6-15 P-wave seismic reflection data collected from the Line 802 and Line 902 surveys conducted along County Road 900N in the seismic survey area 2 
(figs. 6-1 and 6-3). The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower 
section. Descriptions of seismic units E to J are provided in the text.
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Figure 6-16 P-wave seismic reflection data collected from the Line 803 survey conducted along County Road 2500E in seismic survey area 3 (figs. 6-1 and 6-4). 
The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. Descrip-
tions of seismic units K, M, O, and R are provided in the text.
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Figure 6-17 P-wave seismic reflection data collected from the Line 1001 survey conducted along County Road 2500E in seismic survey area 3 (figs. 6-1 and 
6-4). The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. The 
reference boreholes along the survey line are shown. The logs of the geology in these boreholes are provided in table 6-1. Descriptions of seismic units K to M 
and N to R are provided in the text. Borehole logs of natural gamma radiation are delineated by the red lines.
Figure 6-18 P-wave seismic reflection data collected from the Line 804 survey conducted along County Road 2500E in seismic survey area 3 (figs. 6-1 and 6-4). 
The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. Descrip-
tions of seismic units K, M, N, and R are provided in the text.
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Figure 6-19 P-wave seismic reflection data collected from the Line 903 survey conducted along County Road 3600E in seismic survey area 3 (figs. 6-1 and 6-4). 
The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. 
Descriptions of seismic units K, M, N, and R are provided in the text.
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Figure 6-20 S-wave seismic reflection data collected from the Line 805 survey conducted along County Road 3400E in seismic survey area 3 (figs. 6-1 and 6-4). 
The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. The log of 
the geology in the borehole is provided in table 6-1. Descriptions of seismic units K, N, P, and R are provided in the text. Borehole log of natural gamma radiation 
is delineated by the red line.
0 1,000 2,000 3,000 4,000 5,000 6,000
300
400
500
600
700
 80
130
180
230
500 1,000 1,500 1,8910
CMP
W E
500 1,000 2,5002,0001,500
-line 805-
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
500 1,000 1,500 1,8910
W E
500 1,000 2,5002,0001,500
-line 805-
T
i
m
e
 
(
S
e
c
o
n
d
s
)
Distance (meters)
Common mid-point (CMP)
E
l
e
v
a
t
i
o
n
 
(
m
e
t
e
r
s
)
Distance (feet)
E
l
e
v
a
t
i
o
n
 
(
f
e
e
t
)
Distance (meters)
P
K+N
K+N K+N
P
P
RR R
Bedrock
R
Figure 6-21 S-wave seismic reflection data collected from the Line 806 survey conducted along County Road 3600E in seismic survey area 3 (figs. 6-1 and 6-4). 
The relative amplitude time is shown in profile on the upper cross section and depth-converted data with seismic units in profile on the lower section. 
Descriptions of seismic units K, N, P, R, and S are provided in the text.
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
300
400
500
600
700
80
130
180
230
500 1,000 1,500 2,000 2,500 2,6640
CMP
W E
500 1,000 3,0002,000 2,5001,500
-line 806-
500 1,000 1,500 2,000 2,500 2,6640
W E
500 1,000 3,0002,000 2,5001,500
-line 806-
T
i
m
e
 
(
S
e
c
o
n
d
s
)
Distance (meters)
Common mid-point (CMP)
E
l
e
v
a
t
i
o
n
 
(
m
e
t
e
r
s
)
Distance (feet)
E
l
e
v
a
t
i
o
n
 
(
f
e
e
t
)
Distance (meters)
P
R
K+N K+N K+N
P
S R
P
S
R
Bedrock
ISGS ID: 120192631300 (BW Well 68) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 68.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
68.0 94.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
94.0 215.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL2 Unnamed unit 2, Glasford Formation 
215.0 240.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
240.0 273.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
273.0 308.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
308.0 312.0 SHALE 11, subunit 11R Bedrock 
ISGS ID: 120192650900 (LW TH 69) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 61.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
61.0 81.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
81.5 160.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6Il1 Unnamed unit 1, Glasford Formation 
160.0 208.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
208.0 239.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
239.0 289.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
289.0 321.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
321.0 322.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
 
 
ISGS ID: 120192650800 (LW TH 70) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 73.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
73.0 88.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
88.0 135.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
135.0 263.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL2 Unnamed unit 2, Glasford Formation 
263.0 298.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
298.0 315.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
315.0 323.0 SAND AND GRAVEL 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
 
 
ISGS ID: 120192648200 (LW Well 71) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 61.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
61.0 88.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
88.0 155.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
155.0 207.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
207.0 227.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
227.0 246.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
246.0 305.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
 
 
 
 
ISGS ID: 120192648300 (LW Well 72) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 68.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
68.0 85.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
85.0 153.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL2 Unnamed unit 2, Glasford Formation 
153.0 201.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
201.0 255.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
255.0 262.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
262.0 313.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
ISGS ID: 120192648400 (LW Well 73) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 61.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
61.0 84.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
84.0 164.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
164.0 196.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
196.0 202.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
202.0 241.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
241.0 260.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
260.0 310.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
ISGS ID: 120192631200 (CHAM-07-03A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0  14.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
14.5 37.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
37.5 107.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
107.0 132.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
132.0 163.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
163.0 172.5 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
172.5 214.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
214.0 221.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
221.0 229.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
229.0 247.0 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
247.0 274.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
274.0 299.0 SHALE 11, subunit 11a Bedrock 
 
ISGS ID: 120192641200 (CHAM-08-01) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 14.0 SAND AND SILT 5WI, subunit 4WI Cahokia Formation 
14.0 35.5 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
35.5 102.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
102.0 119.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
119.0 125.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
125.0 162.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
162.0 173.5 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
173.5 175.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
ISGS ID: 120192641300 (CHAM-08-02A) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 12.0 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
12.0 21.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
21.0 28.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
28.5 31.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
31.5 119.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
119.0 
121.5 
179.5 
121.5 
179.5 
269.0 
TILL, grayish brown 
SAND AND GRAVEL 
TILL, red 
5IL, subunit 5IL1 
8IL, subunit 8IL1 
8PIL, subunit 5PIL4 
Vandalia Member, Glasford Formation 
Unnamed tongue 1, Pearl Formation 
West Lebanon Member, Banner Formation 
269.0 309.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
309.0 315.0 SHALE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192642400 (CHAM-08-04) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 34.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
34.0 74.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
74.0 114.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
114.0 130.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
130.0 147.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
147.0 156.0 SAND AND GRAVEL 8IL, subunit 8IL2 Unnamed tongue 2, Pearl Formation 
156.0 165.0 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
165.0 201.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
201.0 218.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
218.0 244.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
244.0 259.5 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
259.5 297.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
297.0 300.0 SHALE 11, subunit 11R Bedrock 
ISGS ID: 120192656500 (CHAM-09-07) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 9.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
9.0 24.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
24.0 29.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
29.0 35.0 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
35.0 147.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
147.5 234.1 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
234.1 240.0 SAND AND SILT 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
240.0 251.5 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
251.5 281.8 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
281.8 296.0 SHALE AND SILTSTONE 11, subunit 11R Bedrock 
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Figure 7-1 Geographical areas (circles with green shading) of electrical earth resistivity surveys completed for this 
project.
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Figure 7-2 Diagram of the first two sequences of resistivity measurements using the automated resistivity acquisition system. The green and blue lines symbolize 
the cables and electrodes. The green and blue circles represent measurements. The open circles represent possible measurements that are not recorded with this 
setup.
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Figure 7-  ample resistivity profiles from one survey for this pro ect. n the upper profile  the measured apparent resistivity pseudo section is shown. This is 
the raw data collected from the survey. n the middle profile  the simulated apparent resistivity pseudo section is shown  produced by running the inversion in 
reverse. n image of the modeled resistivity is shown on the bottom profile. rofiles of the modeled resistivity for each survey are presented later in the report. 
The difference between the actual upper profile  and simulated middle profile  values provides an estimate of the accuracy of the model. n this case  the overall 
 error is .  percent.
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Figure 7-  ocation of the electrical earth resistivity surveys and reference boreholes in the llerton ar  resistivity area. The geographical area of llerton ar  
resistivity survey area is shown in figure . The data collected from the surveys are shown in figures  to . The reference boreholes along the survey lines 
are denoted by the blue filled circles. The logs of the geology in the boreholes are provided in table .
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Figure 7-  nterpreted resistivity data from outh oad survey in the llerton ar  resistivity survey area. The location of the survey and reference boreholes are 
shown in figure . The logs of geology in the boreholes are provided in table . The resistivity units are described in the te t. The vertical e aggeration is . .
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Figure 7-  nterpreted resistivity data from ottom Trail survey in the llerton ar  resistivity survey area. The location of the survey is shown in figure . The 
resistivity units are described in the te t. The vertical e aggeration is .  . 
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Figure 7-7 einterpretation of archived resistivity data from ld ntrance oad survey in the llerton ar  resistivity survey area. The location of the survey and 
reference boreholes are shown in figure . The survey was completed in ay . The logs of geology in the boreholes are provided in table . The resistivity 
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Figure 7-1  Interpreted resistivity data from the ortheast hampaign ounty resistivity survey area. The location of the resistivity survey area is shown in 
figure 7-1. The surveys were completed in 200  and 200 .The log of geology in the borehole is provided in table 7-1. The resistivity scale on this figure has been 
modified to classify the higher resistivity values obtained in this survey area and thus is a different scale than the other figures of resistivity profiles. The
resistivity units are described in the text. The vertical exaggeration is 4. x.
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ISGS ID: 121472058700 (OBS Well 1B) 
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 22.0 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
22.0 93.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 1b+2a Unnamed unit 1 (Glasford Formation)
93.0 115.0 SILT,  olive 5IL, subunit 2IL 2b Unnamed tongue (Teneriffe Silt)
115.0 153.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1 (Pearl Formation)
221.0 257.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
257.0 292.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
272.0 276.0 SHALE 11, subunit 11R Bedrock
ISGS ID: 121472155900 (ISWS-2002-E) 
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 23.0 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
23.0 136.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 1b+2b Unnamed unit 1 (Glasford Formation)
ISGS ID: 121472153400 (PIAT-02-01) 
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 28.0 SAND 5WI, subunit 4WI1 1a Henry Formation
28.0 48.0 SILT 5WI, subunit 2WI2 1a Unnamed tongue (Equality Formation)
48.0 57.5 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
57.5 107.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
107.0 138.0 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
138.0 192.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1 (Pearl Formation)
192.0 233.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
233.0 269.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
269.0 283.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4 (Banner Formation)
283.0 286.1 SHALE 11, subunit 11R Bedrock
ISGS ID: 121472132100 (PIAT-02-02)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 23.0 SAND 5WI, subunit 4WI1 1a Cahokia Formation
23.0 62.0 SAND AND GRAVEL 5WI, subunit 7WI 1a Henry Formation
62.0 108.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
108.0 150.0 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
150.0 191.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1 (Pearl Formation)
191.0 227.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
227.0 255.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
255.0 268.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4 (Banner Formation)
255.0 268.5 SHALE 11, subunit 11R Bedrock
e 7-1 enerali ed descriptions of the sediments and lithologies in boreholes referenced in hapter 7. The top 
and bottom depths  are in feet below the land surface. The sediments with no resistivity unit rest. unit  assigned lie 
below the maximum depth of penetration of the electrical current.
ISGS ID: 121472157300 (PIAT-08-02)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 9.5 SILT 5WI, subunit 4WI1 1a Cahokia Formation
19.5 24.0 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
24.0 87.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 1b+2a Unnamed unit 1 (Glasford Formation)
87.5 124.4 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
124.4 145.0 SILT, olive 5IL, subunit 2IL 3 Unnamed tongue (Teneriffe Silt)
145.0 165.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1 (Pearl Formation)
165.0 179.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member (Banner Formation)
179.0 257.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1 (Banner Formation)
256.0 261.0 SAND AND GRAVEL 11, subunit 4PIL2 Unnamed unit 4 (Banner Formation)
261.0 274.0 SHALE AND SILSTONE 11, subunit 11R Bedrock
ISGS ID: 121472157400 (PIAT-08-03A)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 15.0 SAND 5WI, subunit 7WI 1c Henry Formation
15.0 52.5 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
52.5 157.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL2 2a Unnamed unit 2 (Glasford Formation)
157.5 222.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1 (Pearl Formation)
222.0 265.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
265.0 309.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
309.0 312.5 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4 (Banner Formation)
312.5 317.0 SILTSTONE 11, subunit 11R Bedrock
ISGS ID: 120192635400 (CHAM-07-06A)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 13.0 SAND 5WI, subunit 4WI1 1c Cahokia Formation
13.0 32.0 SAND 5WI, subunit 7WI 1c Henry Formation
32.0 37.0 TILL, pinkish gray 5WI, subunit 5WI3 1a Tiskilwa Formation
37.0 52.0 SAND AND GRAVEL 8WI 2a Ashmore Tongue (Henry Formation)
52.0 88.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
88.5 158.0 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
158.0 203.5 SAND AND GRAVEL 8IL, subunit 8PIL1 Unnamed tongue 1 (Pearl Formation)
203.5 260.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
260.0 293.5 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
293.5 302.5 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4 (Banner Formation)
302.5 305.0 SHALE 11, subunit 11R Bedrock
e 7-1 ontinued
ISGS ID: 120192640900 (CHAM-03-02)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 39.0 TILL, dark gray 5WI, subunit 5WI2 1b Batestown Member (Lemont Formation)
39.0 78.0 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
78.0 106.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
106.0 187.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL2 2a Unnamed unit 2 (Glasford Formation)
187.0 208.0 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
208.0 213.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member (Banner Formation)
213.0 237.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member (Banner Formation)
237.0 243.0 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3 (Banner Formation)
243.0 261.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
261.0 319.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
319.0 324.0 SHALE 11, subunit 11R Bedrock
ISGS ID: 120192641000 (CHAM-03-03)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 42.0 TILL, dark gray 5WI, subunit 5WI2 1b Batestown Member (Lemont Formation)
42.0 74.5 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
74.5 91.0 SAND AND GRAVEL 8WI 2a Henry Formation
91.0 135.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
135.0 199.0 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
199.0 205.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member (Banner Formation)
205.0 225.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member (Banner Formation)
225.0 229.0 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3 (Banner Formation)
229.0 314.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
314.0 359.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
359.0 372.0 SHALE 11, subunit 11R Bedrock
ISGS ID: 120192656500 (CHAM-09-07)
TOP BOTTOM SEDIMENT/LITHOLOGY GEOLOGIC MAP UNIT REST. UNIT LITHOSTRATIGRAPHIC UNIT
0.0 9.0 TILL, brown 5WI, subunit 5WI1 1b Yorkville Member (Lemont Formation)
9.0 24.0 TILL, dark gray 5WI, subunit 5WI2 1b Batestown Member (Lemont Formation)
24.0 29.0 TILL, pinkish gray 5WI, subunit 5WI3 1b Tiskilwa Formation
29.0 35.0 SAND AND GRAVEL 8WI 2a Ashmore Tongue (Henry Formation)
35.0 147.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 2a Unnamed unit 1 (Glasford Formation)
147.5 234.1 TILL, grayish brown 5IL, subunit 5IL1 3 Vandalia Member (Glasford Formation)
234.1 240.0 SAND AND SILT 5PIL, subunit 5PIL2 Hillery Member (Banner Formation)
240.0 251.5 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member (Banner Formation)
251.5 281.8 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member (Banner Formation)
281.8 296.0 SHALE AND SILTSTONE 11, subunit 11R Bedrock
e 7-1 ontinued
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Figure 8-1 Location of the boreholes that vertical seismic profiling (VSP) was conducted.
Figure 25 Photograph showing the equipment used to conduct vertical seismic profiling (VSP) in a borehole. The 
geophones are lowered in the borehole (BH) to record the seismic waves. The seismic waves are generated by hitting 
an inclined steel plate (SO). The seismograph (SE), controller (CN), and geophones are connected together by a 
cabling system. The geophones are lowered at intervals of 10 feet (3.3 m), clamped in place with assistance from the 
controller, the source activated, and S-wave first arrivals recorded.  
BH
SO
SE
CN
SEISMIC_ID API_NUMBER BORE_ID DEPTH_LOGGED SEISMIC_FILE
feet (meters)
BH-1 120192584600 CHAM-03-01 315.0 (96.0) 902
BH-2 120192631200 CHAM-07-03A 268.1 (81.7) 805
BH-3 120192641200 CHAM-08-01 144.0 (43.9) 829
BH-4 120192641400 CHAM-08-02A 300.0 (91.4) 828
BH-5 120192631400 CHAM-08-04 291.4 (88.8) 822
BH-6 120192630900 CHAM-07-02A 244.1 (74.4) 804
BH-7 120192626000 MW-5 328.1 (100) 802
BH-8 120192625900 MW-3 332.1 (102.2) 803
BH-9 121472153900 PIAT-07-02A 332.1 (102.2) 806
BH-10 120192625400 MW-4 332.1 (102.2) 801
BH-11 120192642900 CHAM-08-09A 265.8 (81.0) 904
BH-12 120192651100 CHAM-09-01 331.4 (101.0) 901
BH-13 120192653600 CHAM-09-03A 308.4 (94.0) 906
BH-14 120192652900 CHAM-09-02A 164.4 (50.1) 903
BH-15 120192654700 CHAM-09-06 111.6 (34.0) 905
Table 6  Information for boreholes logged using the vertical seismic 
profiling (VSP) method in this project.
Figure SV1 Downhole seismic P-and S-wave velocities (Vp and Vs) measured in borehole MW-5 (Seismic_ID BH-7) 
(table 6) located on The Andersons Incorporated property in the Area 1 seismic survey area (fig. 16). The downhole 
seismic data are shown as average velocities (red), interval velocities using direct method of calculation (blue), and 
interval velocities using interval method of calculation (black). The seismic data are shown with logs of the geology 
and natural gamma radiation.
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Figure SV2 Downhole seismic P-and S-wave velocities (Vp and Vs) measured in borehole CHAM-07-03A 
(Seismic_ID BH-2) (table 6) located on Jerry and Debra Heinz property in the Area 2 seismic survey area (fig. 16). 
The downhole seismic data are shown as average velocities (red), interval velocities using direct method of calcula-
tion (blue), and interval velocities using interval method of calculation (black). The seismic data are shown with logs 
of the geology and natural gamma radiation.
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Figure SV3 Downhole seismic P-and S-wave velocities (Vp and Vs) measured in borehole CHAM-08-02A 
(Seismic_ID BH-4) (table 6) located on Champaign County Forest Preserve District’s Middle Fork property in the 
Area 3 seismic survey area (fig. 16). The downhole seismic data are shown as average velocities (red), interval 
velocities using direct method of calculation (blue), and interval velocities using interval method of calculation 
(black). The seismic data are shown with logs of the geology and natural gamma radiation.
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ISGS ID: 120192584600 (CHAM-03-01) (BH-1) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 26.0 SAND 5WI, subunit 7WI Henry Formation 
26.0 42.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
42.0 50.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
50.0 127.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
127.0 140.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
140.0 165.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
165.0 208.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
208.0 231.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
231.0 242.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
242.0 316.6 CLAYSTONE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192631200 (CHAM-07-03A) (BH-2) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0  14.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
14.5 37.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
37.5 107.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
107.0 132.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
132.0 163.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
163.0 172.5 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
172.5 214.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
214.0 221.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
221.0 229.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
229.0 247.0 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
247.0 274.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
274.0 299.0 SHALE 11, subunit 11a Bedrock 
 
 
 
ISGS ID: 120192641200 (CHAM-08-01) (BH-3) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 14.0 SAND AND SILT 5WI, subunit 4WI Cahokia Formation 
14.0 35.5 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
35.5 102.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
102.0 119.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
119.0 125.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
125.0 162.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
162.0 173.5 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
173.5 175.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
 
 
 
 
 
 
 
 
ISGS ID: 120192641300 (CHAM-08-02A) (BH-4) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 12.0 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
12.0 21.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
21.0 28.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
28.5 31.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
31.5 179.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
179.5 269.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
269.0 309.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
309.0 315.0 SHALE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192642400 (CHAM-08-04) (BH-5) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 34.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
34.0 74.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
74.0 114.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
114.0 130.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
130.0 147.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
147.0 156.0 SAND AND GRAVEL 8IL, subunit 8IL2 Unnamed tongue 2, Pearl Formation 
156.0 165.0 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
165.0 201.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
201.0 218.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
218.0 244.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
244.0 259.5 SILT AND CLAY, brown 5PIL, subunit 2PIL2 Unnamed unit 2, Banner Formation 
259.5 297.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
297.0 300.0 SHALE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192630900 (CHAM-07-02A) (BH-6) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 43.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
43.5 81.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
81.0 143.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
143.5 182.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
182.0 238.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
238.0 277.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
277.0 314.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
314.0 320.0 BEDROCK 11, subunit 11R Bedrock 
 
 
 
 
 
 
 
 
ISGS ID: 120192626000 (MW5) (BH-7) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 102.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
102.0 127.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
127.0 174.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
174.0 203.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
203.0 219.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
219.0 247.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue1, Pearl Formation 
247.0 292.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
292.0 340.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
 
 
 
ISGS ID: 120192625900 (MW3) (BH-8) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 77.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
77.0 137.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
137.0 209.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
209.0 237.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
237.0 268.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
268.0 308.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
308.0 340.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
 
 
 
ISGS ID: 121472153900 (PIAT-07-02A) (BH-9) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 34.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
34.0 123.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
123.0 175.7 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
175.7 220.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
220.0 266.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
266.0 316.6 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
316.6 324.7 SAND AND SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
324.7 330.0 SHALE 11, subunit 11R Bedrock 
 
 
 
ISGS ID: 120192625400 (MW4) (BH-10) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 85.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
85.0 125.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
125.0 198.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
198.0 233.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
233.0 239.0 SILT, olive 5IL, subunit 2IL Unnamed tongue, Teneriffe Silt 
239.0 265.0 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
265.0 290.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Mahomet Sand (unit 1), Banner Formation 
290.0 340.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Mahomet Sand (unit 2), Banner Formation 
ISGS ID: 120192642900 (CHAM-08-09A) (BH-11) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 29.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
29.0 41.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
41.0 56.5 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
56.5 76.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
76.0 162.5 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
162.5 171.5 SAND AND GRAVEL 8IL, subunit 8IL1 Unnamed tongue 1, Pearl Formation 
171.5 186.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
186.0 201.0 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
201.0 289.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
289.0 316.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
316.0 339.0 SAND AND GRAVEL 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
339.0 345.0 SILTSTONE 11, subunit 11R Bedrock 
ISGS ID: 120192651100 (CHAM-09-01) (BH-12) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 59.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
59.5 99.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
99.0 180.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
180.0 200.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
200.0 218.0 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
218.0 257.5 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
257.5 275.0 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
275.0 299.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
299.0 303.4 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
303.4 372.0 SHALE 11, subunit 11R Bedrock 
ISGS ID: 120192653600 (CHAM-09-03A) (BH-13) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 24.0 SAND AND GRAVEL 5WI, subunit 7WI Henry Formation 
24.0 36.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
36.5 48.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
48.0 58.0 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
58.0 76.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
76.0 111.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
111.0 126.3 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
126.3 138.0 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
138.0 149.9 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
149.9 172.5 SAND AND SILT 8PIL, subunit 4PIL1 Unnamed unit 3, Banner Formation 
172.5 194.5 SAND AND GRAVEL 8PIL, subunit 8PIL1 Unit 1, Mahomet Sand Member, Banner Formation 
194.5 228.0 TILL, red 8PIL, subunit 5PIL4 West Lebanon Member, Banner Formation 
228.0 310.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Unit 2, Mahomet Sand Member, Banner Formation 
310.0 329.0 DIAMICTON 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
329.0 332.5 SHALE AND LIMESTONE 11, subunit 11R Bedrock 
ISGS ID: 120192652900 (CHAM-09-02A) (BH-14) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 67.5 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
67.5 95.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
95.0 116.5 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
116.5 164.4 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
164.4 186.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
186.0 200.2 TILL, gray 5PIL, subunit 5PIL1  Tilton Member, Banner Formation 
200.2 226.5 TILL, pink 5PIL, subunit 5PIL2 Hillery Member, Banner Formation 
226.5 240.5 SILT AND CLAY, pink 5PIL, subunit 2PIL1 Unnamed unit 1, Banner Formation 
240.5 247.0 TILL, light brown 5PIL, subunit 5PIL3 Harmattan Member, Banner Formation 
247.0 250.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
250.0 258.0 SHALE 11, subunit 11R Bedrock 
ISGS ID: 120192654800 (CHAM-09-06) (BH-15) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 
50.0 
65.0 
126.0 
132.0 
138.5 
165.2 
169.0 
175.0 
179.6 
50.0 
65.0 
126.0 
132.0 
138.5 
165.2 
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210.0 
TILL, dark gray 
TILL, pinkish gray 
DIAMICTON, SILT, AND SAND 
TILL, grayish brown 
SAND AND GRAVEL 
TILL, pink 
SILT AND CLAY, pink 
TILL, light brown 
DIAMICTON 
CLAYSTONE OR LIMESTONE 
5WI, subunit 5WI2 
5WI, subunit 5WI3 
6IL, subunit 6IL1 
5IL, subunit 5IL1 
8IL, subunit 8IL2 
5PIL, subunit 5PIL2 
5PIL, subunit 2PIL1 
5PIL, subunit 5PIL3 
11, subunit 4PIL2 
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Batestown Member, Lemont Formation 
Tiskilwa Formation 
Unnamed unit 1, Glasford Formation 
Vandalia Member, Glasford Formation 
Unnamed tongue 2, Pearl Formation 
Hillery Member, Banner Formation 
Unnamed unit 1, Banner Formation 
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Figure 24 Location and type of downhole geophysical log (besides vertical seismic profiles) collected in strati-
graphic boreholes and water supply test wells in east-central Illinois referenced in this report.
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Figure EM1 Natural gamma, electromagnetic (EM) induction, direct current (DC) resistivity, and fluid temperature 
measurements from borehole CHAM-07-01A.
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Figure NG1 Descriptive statistics of natural gamma radiation from selected boreholes in materials of the geologic mapping units. The data was compiled from 
boreholes CHAM-08-02A, CHAM-08-04, CHAM-08-09A, CHAM-09-01, CHAM-09-03A, and FORD-08-01A and displayed on the box plot or box-and-whisker 
diagram. The ends of the whisker are set at 1.5 times IQR above the third quartile (Q3) and 1.5 times IQR below the first quartile (Q1). If the minimum or 
maximum values are outside this range, then they are shown as outliers.  
2IL 2PIL1 2PIL2 5WI1 5WI2 5WI3 5IL 5PIL1 5PIL2 5PIL3 5PIL4 4WI 4PIL1 4PIL2 7ILe 7WI 8WI 8PIL1 8PIL2 11
Minimum Outlier Maximum Outlier
Mapping Unit
Mapping Unit
2IL 2PIL1 2PIL2 5WI1 5WI2 5WI3 5IL 5PIL1 5PIL2 5PIL3 5PIL4
4WI 4PIL1 4PIL2 7ILe 7WI 8WI 8IL 8PIL1 8PIL2 11
Range 54.8057 118.7360 53.4254 69.6494 185.7435 129.3991 118.0061 101.8385 167.5360 131.1626 52.0934
37.0088 82.3226 128.3546 137.0840 56.0345 64.6220 34.2158 46.1121 40.0730 698.7942
Minimum 34.4512 60.8418 49.0586 24.0879 29.0059 36.1719 19.5107 27.9551 40.4199 36.5781 33.1327
15.7716 15.0722 31.8125 28.5605 14.4968 16.0569 15.9028 13.3773 14.6641 55.2461
Maximum 78.5352 80.0820 86.0508 50.3145 61.8867 55.5020 61.1074 54.0273 62.6641 82.8984 63.5466
52.7804 60.6973 68.8242 63.7754 38.7788 27.7628 31.8936 31.3143 29.5563 575.2190
Median (Q2)
First Quartile (Q1)
Third Quartile (Q3)
58.1797 70.9648 73.9961 34.9082 46.4414 46.6309 40.4727 46.2266 48.4004 61.7422 49.3744
39.5723 30.4386 50.3223 48.7266 25.5509 21.8676 22.1025 24.4513 21.962 79.2734
51.9648 67.6484 65.5781 29.4639 41.5215 42.9883 28.6465 39.2988 44.6035 53.8965 46.462
33.4409 26.9554 45.7988 44.3105 23.0153 19.0921 19.8203 22.2329 19.1904 67.8398
63.8262 74.6563 77.6367 40.4473 50.1191 49.5898 50.7305 48.9727 50.9043 66.5313 53.4359
43.3884 39.2637 59.082 51.9883 28.52 23.4078 24.3623 27.7524 24.1636 104.332
Interquartile Range (IQR) 11.8614 7.0079 12.0586 10.9834 8.5976 6.6015 22.084 9.6739 6.3008 12.6348 6.9739
9.9475 12.3083 13.2832 7.6778 5.5047 4.3157 4.542 5.5195 4.9732 36.4922
Upper Outliers 0 0 0 0 0 0 0 0 2 0 0
0 1 0 1 1 0 2 0 0 3
Lower Outliers 0 0 0 0 0 0 0 0 0 0 1
2 0 0 1 1 0 0 1 0 0
Number of Readings (n)
Range
Minimum
Maximum
Median (Q2)
First Quartile (Q1)
Third Quartile (Q3)
Interquartile Range (IQR)
Upper Outliers
Lower Outliers
Number of Readings (n)
104 279 94 293 1296 906 1588 328 1446 957 247
65 290 622 2584 204 836 293 1976 1129 878
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Figure SPR+SP Downhole geophysical logs for boreholes A) CHAM-07-03A, B) CHAM-09-01, C) CHAM-03-02, and D) HAYES. The corresponding geologic 
mapping units and subunits are shown on the figures.
K(%) U (ppm) Th (ppm)
illite 4.5 1.5 —
smectite 0.2 2–5 14–24
bentonite <0.5 1–20 6–50
kaolinite 0.42 1.5–3 —
biotite 6.7–8.3 — <0.01
muscovite 7.9–9.8 — <0.01
plagioclase 0.54 — <0.01
orthoclase 11.8–14.0 — <0.01
Carbonates range (average) 0–2.0 0.1–9.0 0.1–7.0
granite 2.75–4.26 3.6–4.7 19–20
granodiorite 2–2.5 2.6 9.3–11
gabbro 0.46–0.58 0.84–0.9 2.7–3.85
rhyolite 4.2 5 —
schist (biotite) — 2.4–4.7 13–25
quartzite <0.15 <0.4 <0.2
shale (common) 1.6–4.2 1.5–5.5 8–18
shale (oil - Colorado) <4.0 up to 500 1–30
sandstone (range) 0.7–3.8 0.2–0.6 0.7–2.0
epidote — 20–50 50–500
monazite — 500–3000 2.5x10
4
zircon — 300–3000 100–2500
Table 7  Potassium (K), Uranium (U) and Thorium (Th) distribution in 
common rocks and minerals (modified after Fertl 1979).
ElementMineralogy
Clay minerals
Micas
Sedimentary rocks
Metamorphic rocks
Igneous rocks
Feldspars
Accessory minerals
Downhole geophysical method
[surveys completed]
Property measured
[survey objectives]
Radius of investigation
[surveys of measurement]
Practical
interpretations
Natural gamma Number of gamma rays 
(produced by decay of K, U, Th)
[lithology; borehole-to-borehole 
correlation of stratigraphic units]
6–12 inches
[<3 feet]
- grain size
(high counts associated 
with K in clay minerals)
Normal resistivity Resistivity of materials 
surrounding the borehole; with 
additional data, true resistivity 
can be calculated. <1–60 inches
[<3 feet]
- determine changes in 
resistivity of the fluids in 
materials surrounding the 
borehole and (or) 
lithology
- aquifer quality and 
qualitative estimates of 
hydraulic conductivity 
(permeability)
Electromagnetic (EM) Induction Measures the combined (bulk) 
conductivity of rock, soil and 
pore fluid surrounding the 
borehole
[lithology; changes in porosity, 
borehole diameter, and concen-
tration of dissolved solids]
11 inches
[<3 feet]
- lithology identification - 
distinguish clays, silt and 
sand
- electrical properties of 
fluid in the materials 
surrounding the borehole
- corroborate surface 
resistivity surveys 
Electrical Conductivity Quadrature component of 
magnetic field induced by 
alternating magnetic field in 
transmitter coil
[lithology; borehole-to borehole 
correlation of stratigraphic units]
10–20 inches
[<3 feet]
- conductivity of materials 
surrounding the borehole 
(grain and/or pore water 
conductivity)
Fluid Temperature Temperature (± 0.1°C)
Temperature of borehole fluid; 
differential temperature (rate of 
change of the temperature) is 
calculated
[indication of groundwater flow]
within borehole
[<3 feet]
- thermal history (equili-
brium temperature)
- lithology (as related to 
thermal conductivity)
- anomalies due to 
groundwater flow 
Fluid Resistivity Resistivity (± 0.05%)
Identify differences in 
concentration of total dissolved 
solids in borehole fluid
[indication of groundwater flow]
within borehole
[<3 feet]
- electrical resistivity of 
borehole fluid, from which 
specific conductance is 
calculated
Single-Point Resistance (SPR) Resistance in materials 
surrounding the borehole and in 
fluids within these materials, 
and borehole fluids. Increases 
with grain size and decreases 
with fracturing and/or greater 
borehole diameter
near borehole surface
[<3 feet]
- delineate changes in 
lithology, porosity, and 
(or) clay content of 
materials surrounding the 
borehole, and changes in 
porosity and total 
dissolved solids in the 
water in these materials
- may provide 
contaminant identification 
based on conductivity of 
pore fluids
Spontaneous Potential (SP) Electric potential caused by 
salinity differences in borehole 
and interstitial fluids.
near borehole surface
[<3 feet]
- lithology
- clay or shale content
- water quality
Neutron Hydrogen content
within borehole
[<3 feet]
- saturated porosity and
moisture content
- relative (qualitative) 
changes in lithology
- activation analysis
Seismic velocity
(P- and S-wave)
Arrival times of seismic signal 
(compressional/shear) from 
surface (determination of P-
wave/S-wave velocity)
[lithology; velocity control for 
seismic reflection survey]
several feet
[>3 feet]
- variation in lithology, 
compaction, moisture 
content
- presence of drift gas
- identification of 
reflection boundaries
Table 8 Details on the downhole geophysical data collected in continuously cored boreholes and water test wells for 
this project (after Johnson et al. 2005, Pullan et al. 2002, Eastern Research Group, Incorporated 1993, Keys 1990).
METHOD No. of BOREHOLES
BOREHOLES
1) Natural gamma 52 CHAM-03-01; CHAM-03-03; CHAM-07-02A, CHAM-07-04A, CHAM-07-
06A, CHAM-07-07, CHAM-08-01, CHAM-08-02A, CHAM-08-03A, CHAM-
08-04, CHAM-08-05, CHAM-08-06, CHAM-08-07A, CHAM-08-08A, CHAM-
08-09A, CHAM-08-10A, CHAM-09-04A, CHAM-09-05A, CHAM-09-06, 
CHAM-09-07, FORD-08-01A, , MCLN-08-01A, PIAT-07-01, PIAT-07-02A, 
PIAT-08-01, PIAT-08-02, PIAT-08-03A; PIAT-09-01A; PIAT-09-02A; VERM-
08-01A; CG-3-92; CHM-95A; CHM-95B; CHM-95C; CHM-95D; CHM-96A; 
CHM-96B; CHM-98A; LAW; LW Well 69, LW Well 70, LW Well 71, LW 
Well 73; MCKINLEY; MIDFORK; MW3; MW4; MW5; OBS Well 1B; PIAT-
02-01; PIAT-02-02; PIAT-02-04
2) Natural gamma, conductivity, electromagnetic induction, fluid 
temperature, normal resistivity
1 CHAM-09-03A
3) Natural gamma, electromagnetic induction 1 KRAPAC
4) Natural gamma, electromagnetic induction, fluid temperature, 
normal resistivity
3 CHAM-03-02, CHAM-07-01A, CHAM-09-02A
5) Natural gamma, neutron 1 CHAM-09-01
6) Natural gamma, single-point resistance, normal resistivity, 
spontaneous potential
5 CHAM-07-03A, CHAM-09-08, HALLBECK, HAYES, NEMANSFIELD
7) Natural gamma, single-point resistance, spontaneous potential 5 CHAM-07-04B, CHAM-07-05, CHAM-07-08; BW Well 67; BW Well 68
Total 68
Table 9  Downhole geophysical methods used to characterize the subsurface geology in the project area.
ANALYTICAL METHOD SAMPLE SOURCE
NUMBER OF 
SAMPLES
REFERENCE TO TECHNIQUE
Grain size by hydrometer method CHAM-03-01, CHAM-03-02, CHAM-07-01A, CHAM-07-02A, CHAM-
08-02A, CHAM-08-05A, CHAM-08-07A, CHAM-08-10A, CHAM-09-
01, PIAT-07-02A, PIAT-08-01, PIAT-08-02
280
ASTM (1972)
Clay mineralogy by x-ray diffraction CHAM-03-01, CHAM-03-02, CHAM-07-01A, CHAM-07-02A, CHAM-
08-02A, CHAM-08-05A, CHAM-08-07A, CHAM-08-10A, CHAM-09-
01, PIAT-07-02A, PIAT-08-01, PIAT-08-02 
284
Hughes et al. (1994)
Total CO3 content in matrix by cryogenic distillation CHAM-03-01 120 Wang et al. (2006)
Calcite and dolomite composition by chittick apparatus CHAM-09-01 30 Dreimanis (1962)
Magnetic susceptibility CHAM-03-01, CHAM-09-01, CHAM-09-03A, CHAM-09-06 370 Vonder Haar and Johnson (1973)
Trace and rare-earth element composition PIAT-07-02A, CHAM-08-10A 4 Dixon-Warren and Stumpf 2010
Radiocarbon dating and analysis PIAT-07-02A, CHAM-08-02A, CHAM-09-02A, 1 outcrop 4 Wang et al. (2003)
Optical stimulated luminescence (OSL) CHAM-07-01A, CHAM-09-02A 5 Goble et al. (2004); Wintle and Murray (2006)
Terrestrial in-situ cosmogenic nuclides (TCN) PIAT-02-04 3 Gosse and Phillips (2001)
Electron spin resonance (ESR) PIAT-07-02A 2 Skinner (2006)
Amino acid racemization (AAR) Decatur 36-3, PIAT-02-04, PIAT-07-02A, CHAM-08-09A 4 Oches and McKoy (2001)
Table 2  Summary of analytical analyses completed for this project.
BORE_ID
CHAM-03-01
CHAM-03-02
CHAM-03-03
PIAT-08-01
PIAT-08-02
CHAM-08-02A
CHAM-08-04
CHAM-08-05
CHAM-08-07A
CHAM-08-08A
CHAM-08-09A
CHAM-08-10A
CHAM-09-01
CHAM-09-04A
CHAM-09-05
CHAM-09-06
CHAM-09-07
Table 10-2  List of boreholes from which cores of bedrock were obtained. “ Footage ” 
refers to length of bedrock core recovered.
45.5 Carbondale, Tradewater (Pennsylvanian) and Borden (Mississippian)
30.6 Basal Pennsylvanian and Burlington Limestone (Mississippian)
13.7 Pennsylvanian
1 Pennsylvanian?
65 Shelburn, Carbondale (Pennsylvanian)
60 Shelburn, Carbondale (Pennsylvanian)
5.4 Pennsylvanian
3 New Albany Shale (Mississippian to Devonian)
6 Kinderhookian (Mississippian)?
3 Borden or Pennsylvanian 
2 Pennsylvanian
9.3 Grand Tower (Devonian?)
9.3 New Albany Shale (Mississippian to Devonian)
16.4 Penn. above West Franklin Limestone
13 Penn. above West Franklin Limestone
FOOTAGE CORED (feet) BEDROCK FORMATION
74.6 Shelburn, Carbondale (Pennsylvanian)
3.5 Fern Glen (Mississippian?)
Figure 26 Boreholes logs (symbolized with their map units designations) used in the construction of a 3D geologic model for 30 townships in the project area. 
The boreholes are shown in three dimensions with the isopach layer of the Mahomet Sand (map unit 8PIL). The vertical exaggeration is 50 times.
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Figure 5WI_E Elevation grid of the upper surface of geologic mapping unit 5WI, Wisconsin Episode in Champaign 
County and surrounding area.
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Figure 5WI_T Isopach map of the geologic mapping unit 5WI, Wisconsin Episode in Champaign County and 
surrounding area.
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Figure 8WI_E Elevation grid of the upper surface of geologic mapping unit 8WI, Ashmore Tongue, Henry 
Formation in Champaign County and surrounding area.
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Figure 8WI_T Isopach map of the geologic mapping unit 8WI, Ashmore Tongue, Henry Formation in Champaign 
County and surrounding area.
Number of data points = 210
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Figure 7ILe_E Elevation grid of the upper surface of geologic mapping unit 7ILe, Glasford Formation in 
Champaign County and surrounding area.
Number of data points = 1201
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Figure 7ILe_T Isopach map of the geologic mapping unit 7ILe, Glasford Formation in Champaign County and 
surrounding area.
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Figure 7ILch_E Elevation grid of the upper surface of geologic mapping unit 7ILch, Glasford Formation in 
Champaign County and surrounding area.
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Figure 7ILch_T Isopach map of the geologic mapping unit 7ILch, Glasford Formation in Champaign County and 
surrounding area.
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Figure 5IL_T Isopach map of the geologic mapping unit 5IL, Vandalia Member, Glasford Formation in Champaign 
County and surrounding area.
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Figure 5IL_E Elevation grid of the upper surface of geologic mapping unit 5IL, Vandalia Member, Glasford 
Formation in Champaign County and surrounding area.
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Figure 8IL1_E Elevation grid of the upper surface of geologic mapping unit 8IL (subunit 8IL1), Pearl Formation in 
Champaign County and surrounding area.
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Figure 8IL1_T Isopach map of the geologic mapping unit 8IL (subunit 8IL1), Pearl Formation in Champaign 
County and surrounding areas.
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Figure 8IL2_E Elevation grid of the upper surface of geologic mapping unit 8IL (subunit 8IL2), Pearl Formation in 
Champaign County and surrounding area.
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Figure 8IL2_T Isopach map of the geologic mapping unit 8IL (subunit 8IL2), Pearl Formation in Champaign 
County and surrounding area.
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Figure 5PIL_E Elevation grid of the upper surface of geologic mapping unit 5PIL, Banner Formation in 
Champaign County and surrounding area. The center of bedrock valleys are delineated by the dashed lines.
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Figure 5PIL_T Isopach map of the geologic mapping unit 5PIL, Banner Formation in Champaign County and 
surrounding area. The center of bedrock valleys are delineated by the dashed lines. 
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Figure 8PIL_E Elevation grid of the upper surface of geologic mapping unit 8PIL, Mahomet Sand Member, Banner 
Formation in Champaign County and surrounding area.
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Figure 8PIL_T Isopach map of the geologic mapping unit 8PIL, Mahomet Sand Member, Banner Formation in 
Champaign County and surrounding area. The center of bedrock valleys are delineated by the dashed lines.
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Figure 11_E Elevation grid draped on hillshade of the upper surface of geologic mapping units 4PIL2 and 11, 
Banner Formation and bedrock in Champaign County and surrounding area. The center of bedrock valleys are 
delineated by the dashed lines.
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Alluvium, colluvium, and residuum (Unnamed unit 4, Banner Formation)
Silt loam till (Batestown Member, Lemont Formation)
Loam till (Tiskilwa Formation)
Diamicton, sand and gravel, or silt and clay (Unnamed unit 1, Glasford Formation)
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Diamicton with sand and gravel, and silt and clay (Unnamed unit 2, Glasford Formation)
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Silty clay loam till (Yorkville Member, Lemont Formation)
Loam till (Vandalia Member, Glasford Formation)
Loam till (Hillery Member, Banner Formation)
Loam till (Harmatton Member, Banner Formation)
Loam till (West Lebanon Member, Banner Formation)
Proglacial silt and clay (Unnamed unit 1, Banner Formation)
Proglacial silt, sand, and clay (Unnamed unit 2, Banner Formation)
Silt loam till (Tilton Member, Banner formation)
HUDSON EPISODE
HUDSON AND WISCONSIN EPISODES
WISCONSIN EPISODE
ILLINOIS EPISODE
PRE-ILLINOIS EPISODE
PRE-ILLINOIS EPISODE AND OLDER
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Organic-rich silt, sand, and clay (Robein Member, Roxana Silt)14WI2
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NOTE:
1
 Deposits of the Robein Member are too thin to be represented on the cross sections. 
2
 Deposits included in this mapping unit have in previous publications been assigned to the
Berry Clay, Radnor Member, Pearl Formation, and Toulon Member lithostratigraphic units.
3
 Deposits of this mapping unit have in previous publications been assigned to the Lierle Clay
lithostratigraphic unit.
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Preliminary lithostratigraphy of Quaternary deposits for the project area. The principal 
lithologies of each mapping unit is in parantheses. 
The county number is a portion of the 12-digit API number on file at the ISGS Geological Records Unit. 
Most well and boring records are available online from the ISGS Web site.
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Figure GW The geology and hydrogeology along a west to east transect crossing the Bondville well field, located west of Champaign-Urbana.
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Figure 13-1 Location of irrigation wells greater than 12 inches in diameter in the project area. well construction 
information. Some wells were reported having annuli fully grouted from top of target aquifer to land surface. Other 
irrigation wells were reported as only having the top 20 to 40 feet of annuli grouted. 
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Figure XX1 Boreholes from which groundwater was sampled to determine the isotopic compositions. See table XX3 
for more information about these compositions. The borehole locations are overlain on a shaded relief map devel-
oped from the bedrock topography of the project area (compiled from the elevation grid for the geologic mapping 
unit 11 and the bedrock topography of Illinois (Illinois State Geological Survey 1994)).  The extent of the Mahomet 
Bedrock Valley (MBV) is delineated by the green line. 
CHAM-07-04B
CHAM-07-04A
CHAM-07-07
CHAM-08-02B
CHAM-08-02A
CHAM-08-01
CHAM-07-06B
CHAM-07-06A
MW4
MW6
CHAM-07-01A
CHAM-07-01B
PIAT-07-02B
PIAT-07-02A
CHAM-07-01A
CHAM-07-01C
CHAM-07-01B
CHAM-08-09A
CHAM-08-09B
ISAAC-99
FRD94B
STAF-99
CHAM-08-09C
HPSTN
?D ?18O ?13CDIC Tritium 14CDIC CH4
(‰) (‰) (‰) (TU) pMC mol/L
CHAM-07-02A Cardinal 1 8PIL2 -43.9 -6.74 -10.4 <0.50 28.4 8.62E-04
CHAM-07-02B Cardinal 2 8IL1 -43.6 -6.62 -12.0 <0.50 26.3 5.43E-04
CHAM-07-04A Bondville 1 6IL1 -44.0 -6.71 -3.4 <0.80 14.3 1.95E-03
CHAM-07-04B Bondville 2 8PIL2 -44.1 -6.77 -2.6 <0.94 16.5 1.85E-03
CHAM-07-01A Zahnd 1 8PIL2+4PIL2 -43.5 -6.83 -10.9 <0.81 29.8 4.07E-04
CHAM-07-01C Zahnd 3 6IL1 -44.7 -6.89 -4.3 <0.70 37.7 1.15E-03
CHAM-07-01B Zahnd 2 8PIL1 -44.2 -6.66 -10.7 <0.50 29.9 5.61E-04
CHAM-07-07 Seymour 6IL1 -44.5 -6.87 1.9 <0.73 29.9 1.84E-03
MW6 Anderson 6 6IL1 -41.2 -6.48 -2.0 <1.00 5.7 1.47E-03
MW4 Anderson 4 8PIL2 -44.2 -6.66 -12.7 <0.50 29.7 2.98E-04
CHAM-07-06B River Bend B 6IL1 na -7.15 -7.4 <0.60 51.7 1.85E-04
CHAM-07-06A River Bend A 8PIL2 na -7.08 -10.5 <0.50 37.8 nd
PIAT-07-02B Sang Pk B 6IL1 na -7.24 -3.1 2.25 55.2 1.10E-03
PIAT-07-02A Sang Pk A 8PIL2 na -6.81 -10.1 <0.50 28.6 nd
CHAM-08-01 Cmp-08-1 5PIL2 -44.7 -6.95 2.0 <0.50 12.2 4.59E-03
CHAM-08-02A Cmp-08-2 8PIL2 -45.8 -7.08 -5.6 <0.50 35.0 9.26E-04
CHAM-08-02B Cmp-08-2b 6IL1 -49.6 -7.77 -11.6 7.08 73.8 nd
CHAM-08-09A Chmp-08-9a 8PL1 -47.3 -7.33 -9.1 <0.50 44.8 nd
CHAM-08-09B Chmp-08-9b 8IL1 -48.8 -7.35 -8.6 <0.76 34.3 1.01E-03
CHAM-08-09C Chmp-08-9c 6IL1 -47.8 -7.51 -11.1 4.10 77.3 nd
STAF-99* 6IL1 -46.3 -6.94 -6.9 0.73 57.8 nd
ISAAC99* 8WI -45.6 -6.99 -7.4 7.66 64.8 nd
FRD-94B* 6IL1 -50.5 -6.66 -11.7 <0.50 64.8 4.29E-05
HPSTN* 6IL1 -44.1 -7.65 -8.9 4.49 53.9 4.20E-05
na = not analyzed (insufficient funds), nd = not detected, * data from Hackley et al. (2010)
Table XX1   Methane concentration and isotopic analyses of groundwater from project area.
Bore_ID Sample ID Geologic Mapping Unit
Figure XX2  ?D versus ?18O in groundwater sampled from wells in the project area.
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Figure XX3  ?13CDIC versus CH4 in groundwater sampled from wells in the project area.
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Banner Formation (sand and gravel) - units 8PIL1 and 8PIL2
Banner Formation (sand, gravel, and diamicton or silt) - units 8PIL2 and 4PIL2
Glasford Formation (stratified sediment)- unit 6IL1
Pearl Formation (sand and gravel) - unit 8IL1
Banner Formation (till) - unit 5PIL2
CHAM-07-04A: Bondville WARM research station 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 82.5 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
82.5 179.5 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
179.5 190.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
190.0 200.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Mahomet Sand Member (unit 1), Banner Formation 
 
 
 
CHAM-07-04B: Bondville WARM research station 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 86.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
86.0 177.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
177.0 191.0 TILL, grayish brown 5IL, subunit 5IL1 Vandalia Member, Glasford Formation 
191.0 218.0 SAND AND GRAVEL 8PIL, subunit 8PIL1 Mahomet Sand Member (unit 1), Banner Formation 
218.0 253.0 SAND AND GRAVEL 8PIL, subunit 8PIL2 Mahomet Sand Member (unit 2), Banner Formation 
253.0 297.0 DIAMICTON/SILT 11, subunit 4PIL2 Unnamed unit 4, Banner Formation 
190.0 200.0 SHALE AND SILTSTONE 11, subunit 11a Bedrock 
 
 
 
MW6: The Andersons, Incorporated property (monitoring well #6) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0  109.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
109.0 124.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
124.0 155.0 DIAMICTON, SILT, and SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
 
 
 
FRD-94B: ISWS Paxton monitoring site (shallow well) 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 42.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
42.0 78.0 SILT, gray 5WI, subunit 2WI2 Equality Formation 
78.0 83.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
83.0 197.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
 
 
 
STAF-99: Heinz property 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0  50.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
50.0 75.0 TILL, pinkish gray 5WI, subunit 5WI3 Tiskilwa Formation 
75.0 114.0 DIAMICTON, SILT, and SAND 6IL, subunit 6IL2 Unnamed unit 2, Glasford Formation 
 
 
 
 
 
 
 
ISAAC99: Estes/Isaac properties 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 52.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
 
 
 
HPSTN: Village of Hoopeston, municipal well #6 
TOP BOTTOM MATERIAL GEOLOGIC MAP UNIT UNIT NAME 
0.0 50.0 TILL, brown 5WI, subunit 5WI1 Yorkville Member, Lemont Formation 
50.0 60.0 TILL, dark gray 5WI, subunit 5WI2 Batestown Member, Lemont Formation 
60.0 103.0 SAND AND GRAVEL 8WI Ashmore Tongue, Henry Formation 
103.0 108.0 DIAMICTON, SILT, AND SAND 6IL, subunit 6IL1 Unnamed unit 1, Glasford Formation 
 
BORE ID** UP-GRADIENT WELL
Calculated
d13C
Observed 
d13C
14C
pMC 
observed
I&P* F&G* E* Ud* I&P F&G E Ud I&P F&G E*** Ud*** Range of Ages ****
Median 
Age
CHAM-08-02B (G) 73.8 modern
CHAM-08-09C (G) 77.3 modern
PIAT-07-02B (G) 55.2 modern
CHAM-07-01C (G) FRD94B -4.3 -4.3 36.5 52.6 52.2 49.2 51 34.0 33.9 31.8 32.9 <100 <100 <100 <100 <100
CHAM-07-07 (G) FRD94B 3.1 1.9 28.8 53.0 53.0 49.9 51 23.3 23.2 21.8 22.3 <100 <100 <100 <100 <100
CHAM-07-06B (G) CHAM08-02B -7.3 -7.4 50.1 52.4 52.4 49.2 51 36.0 35.9 33.7 35.0 <100 <100 <100 <100 <100
MW6 (G) Cmp-08-2b -2.3 -2.0 5.5 52.4 52.4 49.2 51 7.3 7.3 6.9 7.1 2339 2332 1811 2110 1810 - 2340
MW6 (G) Cmp-08-2b -2.0 -2.0 5.5 52.4 52.4 49.2 51 17.9 17.9 16.8 17.4 9706 9700 9179 9477 9180 - 9710 5760
CHAM-08-09B (P) Chmp-08-9c -7.6 -8.6 32.9 50.1 49.6 46.2 51 38.8 38.4 35.8 39.5 1370 1288 710 1524 710 - 1520 1115
CHAM-07-02B (P) Chmp-08-9c -11.7 -12.0 25.5 50.1 50.0 46.8 51 35.9 35.8 33.6 36.6 2820 2808 2268 2974 2270 - 2970 2620
CHAM-07-04B (M2) STAF-99 -2.4 -2.6 15.6 49.1 49.0 45.8 51 25.9 25.8 24.1 26.9 4164 4148 3591 4478 3590 - 4480 4035
CHAM-08-01 (B) Cmp-08-2b 1.1 2.0 11.2 52.2 52.1 48.9 51 22.0 22.0 20.6 21.5 5585 5578 5054 5399 5050 - 5590
CHAM-08-01 (B) Cmp-08-2b 1.3 2.0 11.2 52.2 52.1 48.9 51 22.2 22.2 20.8 21.7 5652 5646 5121 5467 5120 - 5650 5350
CHAM-07-01B (M1) Chmp-08-9c -11.4 -10.7 29.2 52.4 52.4 49.2 51 34.6 34.6 32.5 33.7 1405 1399 879 1177 880 - 1400 1140
TRAVEL TIME FROM INITIAL 
WELL(S) AGES
Table XX3  Results of NETPATH ages from 14CDIC data.
WELLS 14C Ao INITIAL 14C AndISOTOPIC COMPOSITION
* I&P - Ingerson & Pearson (1964), F&G - Fontes & Garnier (1979), E - Eichinger (1983), Ud - User defined
** (G) = Glasford Formation (unnamed unit 1), (P) = Pearl Formation, (B) = Banner Formation (Hillery Member), (M1) = Mahomet Sand Member (unit 1), (M2) = Mahomet Sand Member (unit 2), 
(MB) = Mahomet Member Sand (unit 2) and Banner Formation (unnamed unit 4)
*** <100 assigned for negative ages when no tritium was detected
**** 60 years was assigned as minimum age for the <100 estimated ages from 14C data
BORE ID** UP-GRADIENT WELL
Calculated
d13C
Observed 
d13C
14C
pMC 
observed
I&P* F&G* E* Ud* I&P F&G E Ud I&P F&G E*** Ud*** Range of Ages ****
Median 
Age
CHAM-07-04A (G) FRD94B -3.9 -3.4 13.6 54.0 53.9 50.9 51 30.9 30.8 29.1 29.2 6768 6765 6289 6301 6290 - 6770
CHAM-07-04A (G) FRD94B -3.7 -3.4 13.6 54.0 53.9 50.9 51 25.5 25.5 24.0 24.1 5180 5177 4702 4714 4700 - 5180
CHAM-07-04A (G) FRD94B -3.5 -3.4 13.6 54.0 53.9 50.9 51 33.7 33.7 31.8 31.8 7493 7490 7014 7026 7010 - 7490 6095
PIAT-07-02A (M2) Chmp-08-9c -10.1 -10.1 28.3 52.4 42.4 49.2 51 41.3 41.3 38.8 4.2 3137 3132 2624 2914 2620 - 3140
PIAT-07-02A (M2) Chmp-08-9c -9.5 -10.1 28.3 52.4 42.4 49.2 51 46.5 46.5 44.0 45.4 4121 4116 3667 3924 3670 - 4120 3370
CHAM-07-06A (M2) Chmp-08-9c -10.5 -10.5 37.4 50.1 50.0 46.8 51 41.2 41.2 38.6 42.0 800 789 249 954 250 - 950
CHAM-07-06A (M2) Chmp-08-9c -10.2 -10.5 37.4 50.1 50.0 46.8 51 39.6 39.6 37.1 40.4 478 467 <100 633 60 - 630
CHAM-07-06A (M2) Chmp-08-9c -10.2 -10.5 37.4 50.1 50.0 46.8 51 39.5 39.4 36.9 40.2 444 433 <100 598 60 - 600
CHAM-07-06A (M2) Chmp-08-9c -9.8 -10.5 37.4 50.1 50.0 46.8 51 38.2 38.2 35.8 39.0 184 172 <100 338 60 - 340
CHAM-07-06A (M2) Chmp-08-9c -10.0 -10.5 37.4 50.1 50.0 46.8 51 38.8 38.8 36.3 39.6 308 296 <100 462 60 - 460 505
CHAM-08-02A (M2) FRD-94B -6.2 -5.6 33.1 53.6 53.5 50.4 51 35.6 35.6 33.6 33.9 614 607 117 209 120 - 610
CHAM-08-02A (M2) FRD-94B -6.7 -5.6 33.1 53.6 53.5 50.4 51 45.7 45.7 43.1 43.6 2675 2669 2178 2270 2180 - 2680 2430
CHAM-08-09A (M1) HPSTN -9.8 -9.1 44.0 50.0 49.9 47.0 51 47.4 47.4 44.6 48.4 609 598 95 779 100 - 780 440
MW4 (M2) FRD94B/ISAAC99 -12.4 -12.7 29.1 55.0 55.1 51.7 51 41.4 41.4 38.9 38.4 2897 2914 2388 2277 2280 - 2910
MW4 (M2) FRD94B/ISAAC99 -12.1 -12.7 29.1 54.9 55.1 51.7 51 41.1 41.2 38.7 38.2 2849 2872 2342 2237 2240 - 2870 2575
CHAM-07-01A (MB) Cmp-08-2b -11.1 -10.9 29.2 52.4 52.4 49.2 51 38.5 38.5 36.4 37.6 2290 2284 1829 2089 1830 - 2290 2060
CHAM-07-02A (M2) Chmp-08-9c -10.7 -10.4 27.7 52.4 52.4 49.2 51 35.5 35.5 33.4 34.6 2054 2049 1541 1831 1540 - 2050 1795
* I&P - Ingerson & Pearson (1964), F&G - Fontes & Garnier (1979), E - Eichinger (1983), Ud - User defined
Table XX3  (continued)
*** <100 assigned for negative ages when no tritium was detected
**** 60 years was assigned as minimum age for the <100 estimated ages from 14C data
WELLS
** (G) = Glasford Formation (unnamed unit 1), (P) = Pearl Formation, (B) = Banner Formation (Hillery Member), (M1) = Mahomet Sand Member (unit 1), (M2) = Mahomet Sand Member (unit 2), 
(MB) = Mahomet Member Sand (unit 2) and Banner Formation (unnamed unit 4)
ISOTOPIC COMPOSITION 14C Ao INITIAL 14C And
TRAVEL TIME FROM INITIAL 
WELL(S) AGES
Cal Dol Sd Gth Hem Fe(OH)3 Pyy SiO2
Mg/Na 
exchange Ab An Hbl
CH2O
Ca/Na 
exchange
Fe/Na 
exchange
H - 
exchange
CHAM-08-02B
CHAM-08-09C
PIAT-07-02B
CHAM-07-01C FRD-94B 2.7303 -2.9404 0.2654 0.0066 1.7645 3.1112 -2.6488
CHAM-07-07 FRD-94B 5.2640 -8.0571 -12.6451 5.1476 6.3500 11.5835 -16.1512
CHAM-07-06B Chm-08-02b 1.6011 -3.7539 -0.4220 -8.0401 2.0885 4.0324 6.0155 -7.9341
MW6 Chm-08-02b -10.9406 10.5402 -4.2006 -0.4145 11.4088 0.0314 3.3816 -8.9162
MW6 Chm-08-02b 4.8934 -3.4948 -0.4145 5.7620 0.0314 3.7345 -7.5045 5.2939
CHAM-08-09B Chmp-08-9C -0.4859 0.0069 -0.0033 0.5541 2.2153 -1.0159 0.8846
CHAM-07-02B Chmp-08-9C -0.6081 0.1588 0.2681 -0.4259 -0.0658 0.5664 2.8567 0.0886
CHAM-08-01 Chm-08-02b -0.8581 0.8693 -0.9642 0.3421 0.4953 9.0853 0.5723
CHAM-08-01 Chm-08-02b -0.7755 0.5391 -0.8404 0.5898 0.2476 9.0027 0.3246
CHAM-07-01B Chmp-08-9C -2.0312 0.4244 -0.4392 -1.7204 0.9810 0.8302 2.7139 -0.4392
CHAM-07-04A FRD-94B -0.8911 2.2520 -1.1286 0.0057 -5.4508 0.4168 1.8059 3.5759
CHAM-07-04A FRD-94B -2.8422 1.9511 -0.5266 0.0057 -0.0331 2.3679 3.8769 -1.0481
CHAM-07-04A FRD-94B 1.0599 -0.5266 0.0057 -0.0331 0.4168 3.8769 1.9511 -1.0481
PIAT-07-02A Chmp-08-9C 1.7521 0.1159 -0.1187 -0.0195 0.9166 0.4973 -4.4571 6.9232
PIAT-07-02A Chmp-08-9C 0.2602 2.1051 -0.9946 -0.1187 -0.6629 0.9166 0.2145 0.9742
CHAM-07-06A Chmp-08-9C 1.4427 -1.2890 -0.1572 -0.0172 0.7558 0.2597 -1.3527 1.8696
CHAM-07-06A Chmp-08-9C -0.3382 1.8936 -1.7399 -0.1572 -0.0172 0.7558 0.1470 0.1788
CHAM-07-06A Chmp-08-9C -0.3739 1.9413 -1.7875 -0.1572 -0.0172 0.7558 0.1350 0.1431
CHAM-07-06A Chmp-08-9C -0.6480 2.3503 -2.3276 -0.1572 -0.5476 0.8868 0.0239 0.1310
BORE ID
UP-
GRADIENT 
WELLS
ROCK-FORMING MINERALS AND CATION EXCHANGES
* FRD94B (77.4%), ISAAC99 (22.6%)
** FRD94B (71.1%), ISAAC99 (28.9%)
Mineral abbreviations: Cal = calcite, Dol = dolomite, Sd = siderite, Gth = goethite, Hem = hematite, Py = pyrite, Ab = albite, AN = anorthite,and Hbl = hornblende (from Whitney and Evans 2010)
Table XX4  NETPATH results of mass transfer for phases selected in groundwater age modeling.
Cal Dol Sd Gth Hem Fe(OH)3 Pyy SiO2
Mg/Na 
exchange Ab An Hbl CH2O
Ca/Na 
exchange
Fe/Na 
exchange
H - 
exchange
CHAM-07-06A Chmp-08-9C -0.5169 2.1319 -1.9782 -0.1572 -0.8752 0.7558 0.2860 0.0874
CHAM-08-02A FRD-94B -2.1765 2.4068 -1.7765 0.0352 -3.9217 1.6941 1.1081 1.1732
CHAM-08-02A FRD-94B -1.3159 0.0352 -3.1157 1.4638 0.8778 1.4034 1.9462 -1.7159
CHAM-08-09A HPSTN -0.5515 -0.1604 -2.8839 0.6359 0.9713 0.3750 -1.2550 0.1748
MW4 *FRD-94B & ISAAC99 -0.2184 2.5001 -2.5187 -0.0323 0.2445 0.4663
MW4 **FRD-94B & ISAAC99 -0.0944 2.5201 -2.5395 -0.0302 0.2434 0.5820
CHAM-07-01A Chm-08-02b -1.0751 1.6037 -0.8118 -0.4214 -1.5314 0.7640 0.4335 1.9875
CHAM-07-02A Chmp-08-9C -1.2298 0.4418 -0.4392 0.9940 0.5331 0.4647 3.2950 -0.0609
CHAM-07-04B STAF-99 -2.0507 0.7174 0.1507 -0.1299 -1.4670 0.9424 0.7069 4.3193
Table XX4  (continued)
Mineral abbreviations: Cal = calcite, Dol = dolomite, Sd = siderite, Gth = goethite, Hem = hematite, Py = pyrite, Ab = albite, AN = anorthite,and Hbl = hornblende (from Whitney and Evans 2010)
BORE ID
UP-
GRADIENT 
WELLS
ROCK-FORMING MINERALS AND CATION EXCHANGES
* FRD94B (77.4%), ISAAC99 (22.6%)
** FRD94B (71.1%), ISAAC99 (28.9%)
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Figure 17-1 Areal distribution of Wisconsin Episode end and recessional moraines in the project area (Willman and 
Frye 1970). The project area is outlined by the solid orange line. 
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Figure 17-2 Map of material textures from the lower part of the C-horizon soil compiled from USDA soils surveys 
published by Endres (2003), Fehrenbacher (2008), Calsyn (2004), Kiefer (1982), Collman (2004), Cochran (2010), 
and Calsyn (2009). Because these soil surveys were completed at different times by multiple personnel using 
different methodologies and mapping scales, some inconsistencies exist between the county datasets that will require 
verification in the field. For example, soils having a silty clay texture mapped on uplands in Ford and Iroquois 
counties (interpreted to have formed in glaciolacustrine sediment) were mapped in Vermilion County for a more 
recent survey and interpreted to have formed in glacial till. In other areas, geologists have mapped glaciolacustrine 
sediments at the land surface e.g., Lake Leverett (outlined in red from Wickham 1979a) in the same area where soils 
formed in glacial till have been mapped. The mapped extent of the Batestown Member and Yorkville Member tills is 
delineated by the thick black lines. The project area is outlined by the solid blue line.  
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Figure 17-3 Diagram of glacial landforms found in the project area. Along the ice margins, delineated by end moraines (EM), outwash fans (OF) and plains (OP) 
were formed where meltwater flowed away from the glaciers. Where this meltwater coalesced to form major valleys, sand, gravel, and silt were deposited forming 
valley trains (VT). These valleys are incised into the existing till plain (TP) formed when glaciers overrode the area. Glacial meltwater periodically flooded land 
between older moraines and an ice margin, in low areas between moraines, or in tributary valleys dammed by aggradation in major meltwater channels. Fine-
grained sediment deposited in these lakes form near flat-lying plains (GL) on the underlying till plain or glaciofluvial deposits. The glacial lakes subsequently 
drained when new outlets were opened to major meltwater channels. Modern river channels formed in valleys during the postglacial period incised through older 
sediments. This drainage deposited alluvial sand, silt, gravel, and clay forming floodplain and overbank deposits, and terraces (A). The original artwork was 
drafted by C. Briedis and digitized by B. Stiff.
Figure 18-1 Arsenic concentrations in groundwater from private wells in the Tolono area (from Kelly and Holm 
2011). The wells are screened in deposits of sand and gravel assigned to the Glasford Formation (subunit 6IL1) and 
Pearl Formation (subunit 8IL2). The transect of the geologic cross section in figure 18-2 is shown on the map.
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Figure 18-2 Geologic cross section in the Tolono area. The transect along which the cross section was constructed is shown in the inset map.
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The county number is a portion of the 12-digit 
API number on file at the ISGS Geological 
Records Unit. Most well and boring records are 
available online from the ISGS Web site. º
20110153 120192642900 CHAM-08-09A 171.0 ICP-MS sand and gravel 8IL1
20110354 120192635400 CHAM-07-06A 181.3 ICP-MS sand 8IL1
ICP-MS till all units
As Au Ba Ca Cd Cu Fe
ppm ppb ppm wt % ppm ppm wt %
0.1-10,000 0.2-100,000 0.5-10,000 0.01-40 0.1-2000 0.01-10,000 0.01-40
19.5 72.1 47.6 5.85 0.34 19.02 2.63
7.4 0.4 19.1 8.51 0.21 22.32 1.83
4.3 0.8 36.3 5.98 0.12 11.25 1.47
Hg Mg Mn Mo Na Pb
ppb wt % ppm ppm wt % ppm
5-50 0.01-30 1-10,000 0.01-2000 0.001-5 0.01-10,000
29 1.27 732 11.55 0.096 11.21
<5 2.91 412 1.76 0.088 10.64
17 2.59 384 0.82 0.015 8.76
S Sr Zn
wt % ppm ppm
0.02-5 0.5-10,000 0.1-10,000
3.11 96.3 69.0
0.33 61.9 50.2
0.20 45.3 36.1
Material Type MappingUnit
Table 18-1  Geochemical results on the silt plus clay-sized fraction analyzed by ICP-MS following an aqua regia 
digestion. The data for samples 20110153 and 20110154 are unpublished. The data for the 159 samples are 
published in Dixon-Warren and Stumpf 2010 and Warner 2001.
Sample
Number ISGS ID Bore  ID
Depth
(feet)
Analytical
Method
Average concentrations in 159 samples from east-central IL
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Figure FS: Locations of  future research over the Mahomet aquifer and adjacent areas. Elevation of the bedrock surface is shown with axes of major valleys.
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